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ABSTRACT

Background: Current neurocognitive models of obsessive-compulsive disorder (OCD)
implicate dysfunction in top-down inhibitory control mechanisms. Research supports
alteration in the functional activity of cortico-basal ganglia-thalamo-cortical loops in
OCD, as well as the inferior parietal region, posterior medial cortex, thalamus and
cerebellum. The cerebellum, once only known as a region of motor coordination, is now
accepted as being highly involved in cognitive regulation as well. Emerging evidence of
connectivity between the posterior cerebellum and areas of the brain related to inhibitory
functioning, including the basal ganglia, prefrontal, and inferior parietal regions, suggests
a potential cerebellar role in OCD-symptomology. In fact, in several disorders that, like
OCD, are characterized by impaired cognitive regulation, differences in the size of the
cerebellar vermis have been found to exist. Building off of the findings in these related
disorders, we targeted our investigation on cerebellar vermal lobules I-V and VI-VII.
Despite the strong case for a potential role of the cerebellum based on theory and the
v

known connectivity of the cerebellum, we know of only one study specifically
investigating cerebellar morphometry in OCD.
Method and Analysis: Due to the highly irregular anatomical morphology of the
cerebellar vermis, and limitations of automated morphometric algorithms, an integrative
method of computer-assisted and manual tracing was used to increase accuracy in
measuring this area of interest. All imaging and measurements were performed in the
Freesurfer imaging software. Cerebellar vermal lobules I-V and VI-VII of an OCD group
(n=15) and control group (n=15), were measured by multiple blind-raters trained with a
detailed protocol and evaluated for inter-rater reliability. All imaging and
neuropsychological data was collected in prior studies.

Hypotheses: We made the following predictions: (i) a reduction in the volume of
cerebellar vermal lobules VI-VII associated with a diagnosis of OCD (ii) no significant
morphometric differences in cerebellar vermal lobules I-V between subjects with OCD
and control subjects, as these areas are largely associated with sensorimotor regulation
and, (iii) an association of OCD of greater severity (as assessed by the Y-BOCS) with a
greater reduction of vermal tissue in cerebellar lobules VI-VII.

Results: We found no significant differences in the morphometry of cerebellar vermis
lobules I-V or VI-VII between subjects with OCD and controls, and no significant
relationship between severity of OCD and morphometry. Significant correlations were
found in the OCD group between vermal lobules VI-VII and the COWA-FAS test of
verbal of fluency and VI-VII and the ROCFT-Copy.
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Conclusions: The observations of a possible lack of anatomical differences in the
posterior cerebellar vermis between individuals with OCD and control subjects may
potentially raise important questions about the underlying biological mechanisms of
OCD, however because of the limited power in this finding, the current results cannot be
interpreted before an extended investigation is conducted. The significant correlations
between the vermal lobules VI-VII in the OCD group and the COWA-FAS and ROCFTCopy, as well as a relationship between IQ and vermal lobules VI-VII in studies of
autism suggest that the relationship between performance in specific cognitive domains
and the morphometry of lobules VI-VII in OCD should also be investigated further.
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Chapter 1
Introduction
Obsessive–compulsive disorder (OCD) is a severe neuropsychiatric syndrome
with well-defined phenomenology, characterized by both anxiety-raising obsessiveintrusive thoughts and images, and anxiety-reducing compulsive-ritualistic behaviors.
OCD is reported to affect 2-3% percent of the population (Maia et al., 2008; Ruscio,
Stein, Chiu, & Kessler, 2010), and despite the existence of evidence-based treatments
that reduce symptoms, most adults with OCD do not achieve complete remission (Bloch
et al., 2013). Current neurocognitive models implicate dysfunction in top-down
inhibitory control of cognitive and motor responses. Neuropsychological studies are
consistent with this view, showing deficits in visual-spatial attention, organization and
memory during tasks in which demand is high for inhibitory control (Flor-Henry, 1979;
Head, Bolton, & Hymas, 1989; Savage et al., 1999). Also in line with inhibitory deficit,
are increased rates of false alarms during go-no go tasks (Bannon, Gonsalvez, Croft, &
Boyce, 2002), increased stop signal reaction times (SSRT; Chamberlain, Fineberg,
Blackwell, Robbins, & Sahakian, 2006), and a reduction in attentional selectivity
between task-relevant and task-irrelevant details. Neuroimaging studies have shown
engagement of several brain neuro-circuits including frontal-striatal-limbic, frontal–
medial-cingulate and the frontal-parietal networks (Ciesielski et al., 2007; Ciesielski,
Hämäläinen, Lesnik, Geller, & Ahlfors, 2005; Ciesielski, Harris, Kerwin, Reeve, &
Knight, 2011; Ciesielski et al., 2012; Menzies, Chamberlain, et al., 2008; Milad &
Rauch, 2012; van der Wee et al., 2003). A relationship between the cortico-basal gangliathalamo-cortical (CBGTC) loops and the presentation of OCD has been supported by
evidence from brain injuries, pediatric autoimmune neuropsychiatric disorders associated
with streptococcal infection (PANDAS), and symptom-reducing neurosurgical lesions
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(A. J. Allen, Leonard, & Swedo, 1995; Maia et al., 2008; Swedo et al., 1998). All of the
above cited networks display rich connectivity with the cerebellum, thus corroborating
the foundation for our current hypothesis of a role of the cerebellar vermis in the
biological mechanisms of OCD. Evidence on anatomical and functional connectivity
between the striatum, parietal cortex and the cerebellum suggest that more distributed
large-scale brain systems may be involved in OCD than have been established thus far
(Ciesielski et al., 2007; Menzies et al., 2007). We conducted the current investigation to
explore the relationship between anatomical regions of the cerebellar vermis and OCD
phenomena.

Meta and mega analytic studies have reported the presence of cerebellar
abnormalities in conjunction with OCD (de Wit et al., 2014; Eng, Sim, & Chen, 2015),
however, the relationship has not been extensively or systematically researched. One
fMRI study reports reduced activity in the parietal and cerebellar regions of subjects with
OCD, with some normalization of this activity paralleling symptom reduction (Nakao et
al., 2005). A single targeted region of interest study has explored the morphometry of the
cerebellum with regard to OCD. This study found a reduced cerebellar volume associated
with OCD, especially in lobule VI and left Crus I, as well as, a reduced vermal volume of
lobule VI (Narayanaswamy et al., 2016). In our own MEG research, we have found
significantly reduced activation in the inferior parietal regions (Ciesielski et al., 2005,
2012), which are well-known for their functional and anatomical connectivity with the
posterior cerebellum (Schmahmann, 1997). Multiple recorded cases of cerebellar lesions
have also been reported with associated with OCD symptomology (Sathe, Karia, De
Sousa, & Shah, 2016; Schmahmann, Weilburg, & Sherman, 2007).

2

As the existing research on the role of the cerebellum in OCD is scant and mostly
focused on the cerebellum as-a-whole, we wished to contribute a more targeted
investigation, merging the theory of OCD as a condition of dysfunctional inhibitory
mechanisms with an investigation of the morphometry of those areas of the cerebellum,
which evidence suggests may be associated with those mechanisms, particularly lobules
I-V and VI-VII of the cerebellar vermis.

1.1. Clinical Characteristics of OCD
The Diagnostic and Statistical Manual of Mental Disorders (5th edition) defines
Obsessive Compulsive Disorder as the “presence of obsessions [anxiety provoking,
recurrent, persistent and intrusive cognitions], compulsions [repetitive behaviors that the
individual feels compelled to perform] or both” (American Psychiatric Association,
2013). Even when a high level of insight is present, patients with OCD are not able to
effectively control their obsessions and compulsions. Though the driving force behind
compulsive behaviors is the anticipation of a reduction in anxiety following the
successful completion of these behaviors, they are often accompanied by feelings of
shame and embarrassment (Feygin, Swain, & Leckman, 2006).

Lifetime prevalence rates of OCD in adults has been estimated to be 2.3%, with
about half of adults with OCD in the past year suffering from serious impairment, 34.8%
having moderate impairment, and 14.6% having mild impairment (Harvard Medical
School, 2017; “NIMH » Obsessive-Compulsive Disorder (OCD),” 2017). OCD can
present in childhood or adulthood; evidence suggests that earlier-presenting cases are
associated with higher symptom severity and frequency of obsessions/compulsions
(Katerberg et al., 2010, p. 20; Millet et al., 2004).
3

It has been put forth that OCD is an “evolutionarily conserved mechanism”
characterized by a deficit in regulation of that mechanism (Feygin, Swain, & Leckman,
2006). For example, these authors have presented evidence that some level of obsessive
compulsive-like thoughts and behaviors are common in the unaffected population and
may play a role in normal childhood development (Feygin et al., 2006). The
heterogeneity of the obsessions and compulsions that can be displayed by patients with
OCD lends support to the view that OCD is a disorder of regulation, rather than of
thought-content. Further evidence of this is provided by fMRI studies, in which
symptom-provocation experiments were found to result in activation of the same brain
regions of control subjects, as in those of patients with OCD. However, in the OCD
group, within a symptom dimension type, specific symptoms were associated with a
higher degree of activation in specific brain regions (Mataix-Cols, do Rosario-Campos,
& Leckman, 2005). There is a wide range of research investigating the neurobiology of
OCD, with some neural correlates found equally across symptom/compulsion subsets,
while others are specific to certain symptom subsets (Aouizerate et al., 2004). A factoranalytic study conducted by Katerberg et al. (2010), using YBOCS items from 1224
subjects, found the best fit with a 5-factor model of taboo, contamination/cleaning,
doubts, superstitions/rituals, and symmetry/hoarding. This study also found each of the
five factors to be heritable, as well as a separate underlying heritability for OCD,
suggesting the possibility that the gene networks underlying general OCD susceptibility
are different from those underlying distinct symptom dimensions (Katerberg et al.,
2010). Several other factor-analytic studies of OCD have found four main symptom
dimensions: symmetry/ordering, hoarding, contamination/cleaning, and
obsessions/checking (Mataix-Cols et al., 2005). We believe that the heterogeneity of
4

OCD may be suggestive of the involvement of the cerebellum as its regulatory function
could explain a wide range of OCD phenomenology.

1.2. Neuropsychological Evidence of underlying Inhibitory Deficits
Deficits in executive functions, a set of cognitive processes including cognitive
flexibility/set shifting, working memory, and inhibition, are consistently found in OCD
(Lehto, Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake et al., 2000; Shelley Bannon,
Craig J. Gonsalvez, Rodney J. Croft, & Philip M. Boyce, 2006). Several
neuropsychological disorders have unique signatures when assessed on various
components of executive functioning. For example, in a single study, Ozonoff & Jensen
(1999) found that Attention-Deficit Hyperactivity Disorder, Tourette Syndrome, and
Autism, were each associated with a unique performance profile on the Wisconsin Card
Sorting Task (measure of flexibility), Tower of Hanoi (measure of planning and working
memory), and The Stroop Color and Word Test (1935) (measure of inhibition of prepotent behavior) (Ozonoff & Jensen, 1999). In OCD, underlying executive functioning
deficits may explain the inconsistent association with memory difficulties in OCD. In a
review of 46 studies, Harkin and Kessler (2011) found no OCD memory impairments on
verbal and visuospatial tasks when they were characterized by low demand in executive
functioning, binding complexity (encoding the stimuli), and memory load (holding the
information in cognition). However, as the demand in both of these domains increased,
OCD memory impairment emerged. Harkin and Kessler attributed this impairment to the
increased demands on executive functioning, noting that visuospatial tasks, in contrast to
verbal tasks, inherently put higher demand on executive functioning, resulting in the
finding of more impaired OCD performance on visuospatial tasks. OCD impairment was
observed on all of the following tasks of high binding complexity: memory for actions,
5

Trail-Making Task, Benton Visual Retention Task, Figural Fluency Task, Recurring
Figures Test, and Rey Complex Figure Task (Harkin & Kessler, 2011). In a study
comparing subjects with unipolar depression, panic disorder, and OCD, subjects with
OCD were also found to have deficits in executive and visual memory processes.
Multifactorial analysis revealed subjects with OCD to have normal executive functioning
on a task that did not require subjects to perform internal monitoring in working memory
(Purcell, Maruff, Kyrios, & Pantelis, 1998). The impaired performance on executive
functioning tasks associated with OCD may be due to a more specific deficit than the
level of executive functioning.

We posit that deficits in top-down inhibitory control are the source of the specific
profile of OCD-related impairments in executive functioning. Atypical morphology of
the cerebellum is a plausible neural correlate of this deficit, as the cerebellum is an
important source of inhibitory regulation in the brain. Given the cerebellum’s reciprocal
connectivity with the dorsal prefrontal cortex and inferior parietal cortex, areas highly
involved in inhibitory processing (Bellebaum & Daum, 2007; Fuster, Bodner, & Kroger,
2000; Goldman-Rakic, Cools, & Srivastava, 1996), we believe it is a logical candidate
for the specific deficits resulting in OCD-impaired executive functioning. Furthermore,
there have been numerous documented cases in which lesions of the cerebellum have
resulted in symptomology analogous to OCD symptomatology. Schmahmann & Caplan
(2006) described a set of neurobehavioral deficits found to occur in patients with
cerebellar lesions, which he termed “Cerebellar Cognitive Affective Syndrome” (CCAS).
CCAS is defined by impairments of executive function (including planning and set
shifting), spatial cognition, linguistic processing, and regulation of affect (Schmahmann
& Caplan, 2006). This syndrome may have important implications for understanding the
6

role of the cerebellum in OCD. In fact, in “Neuropsychiatry of the cerebellum,”
Schmahmann describes several cases of cerebellar lesions associated with OCD-like
symptomology (Schmahmann et al., 2007).

1.3. Neuroimaging Findings and the Role of the Cerebellum
Studies employing functional imaging techniques have consistently found OCD
to be associated with increased activity in the orbitofrontal cortex (OFC), anterior
cingulate cortex (ACC), and caudate nucleus (reviews: Maia et al., 2008; Rotge et al.,
2008). A recent study of resting state functional magnetic resonance imaging (fMRI)
showed that cognitive behavioral therapy in OCD resulted in an increase in network
connectivity between the cerebellum and the caudate/putamen and the cerebellum and
dorsolateral/ventrolateral prefrontal cortex (Moody et al., 2017). Another recent study,
by Vaghi et al. (2017), found evidence to support the caudate, putamen, and cerebellum
as a cohesive functional unit, with stronger connections in OCD subjects than controls
(Vaghi et al., 2017). All of the above-mentioned studies support the inclusion of the
cerebellum as part of the functional network involved in OCD symptomology.

Though abnormalities in this frontal-striatal network involved in executive
control are consistently seen in the functional imaging literature, specific results vary
depending on the imaging method used (i.e. PET, SPECT, MRS, fMRI, EEG, MEG), as
well as the study conditions used (i.e. resting state of controls versus subjects with OCD,
imaging of subjects with OCD pre and post treatment, symptom provocation studies, and
subjects with OCD during a cognitive activation task) (Saxena, Bota, & Brody, 2001).
Many studies have found the network involved in OCD to extend to the parietal and
7

occipital cortices, as well as the cerebellum itself. A quantitative voxel-level metaanalysis of fMRI studies, using activate likelihood estimation (ALE), demonstrated
consistent OCD-related activation abnormalities in the orbitofrontal striatal regions, as
well as the lateral frontal, anterior cingulate, middle occipital and parietal cortices, and
cerebellum (Menzies, Chamberlain, et al., 2008).

Though the deviation in functional activity of the CBGTC loops has been
generally accepted, whether or not this activity alludes to a causal role in the
development of OCD is less straightforward. It is possible that the over-activation seen in
the OFC, ACC and caudate nucleus are a consequence of OCD rather than a cause.
However, cases of OCD with symptomology following damage to these areas, including
those resulting from pediatric autoimmune disorders, support the hypothesis of a causal
role of abnormalities in these loops. In line with this, the selective lesioning of areas of
the OFC and ACC, as well as, surgical interruptions to the CBGTC loops have been
applied to ameliorate treatment-refractory OCD, albeit with modest outcomes (Maia et
al., 2008). Despite this support, the suggestion that abnormal connectivity of CGBTC
loops might be a cause of the above described regional brain dysfunction in OCD is not
clearly established; the general hyperactivity caused by dysfunctions in CBGTC may
have a more complex relationship with OCD phenomena.

Studies employing electroencephalography (EEG) have focused on investigating
event-related potentials (ERPs) and on the power and task-related modulation of spectral
activity, particularly in the alpha range (8-13 Hz). Alpha oscillations vary by levels of
relaxation vs. attention, where an increase in amplitude (power) accompanies an increase
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in relaxation, and a decrease in amplitude signifies a state of attentiveness and intellectual
effort (Pfurtscheller, Stancák, & Neuper, 1996). Low alpha power in the anterior and
posterior brain regions have been reported in the resting state of OCD patients and
related to over-activation of the thalamic-cortical pathways involved in attention and
inhibitory top-down control (Bucci et al., 2004; Ciesielski et al., 2007). Additionally,
consistent with a disinhibitory model of OCD symptom-provocation studies have been
shown to elicit frontal-brain hyper-activation (McGuire et al., 1994; Rauch et al., 1994a).
Specifically, Rauch et al. (1994) found symptom provocation to be associated with
increased activity in regions of the caudate nucleus, anterior cingulate and bilateral
orbitofrontal cortex in both an initial PET study and follow-up fMRI study (Rauch et al.,
1994b). And, in McGuire et al.’s PET study (1994), symptom provocation was found to
be associated with increased regional blood flow in the right inferior frontal gyrus,
caudate nucleus, putamen, globus pallidus, thalamus, and the left hippocampus and
posterior cingulate gyrus (McGuire et al., 1994). Additional symptom provocation
studies also support the theory that increased frontal-subcortical activity is involved in
OCD symptomology (see Saxena et al., 2001 for a review, including a sumary table).

In agreement with the above findings, in our own lab, a study of visual-spatial
delayed matching to sample tasks with distracters in OCD vs. control subjects points
towards a significant deficit of top-down inhibitory control (Ciesielski et al., 2007).
Three major results emerged in this study: (i) significantly lower amplitudes of alpha in
the pre-task baseline in patients with OCD of moderate severity vs. matched healthy
controls; (ii) significantly reduced flexibility in modulation of task-related alpha levels;
and (iii) increased % of errors in task trials with distracters accompanied by further
reduction in task-related alpha modulation. It was put forward that the poorly modulated
9

and abnormally low parietal-occipital alpha amplitude of OCD may be compensated by
an overactive prefrontal medial and orbital brain activation (Ciesielski et al., 2007).
Reduced alpha related to increased attentiveness and intellectual effort concurs with the
hypothesis of OCD as a state of cognitive hyper-control (Bucci et al., 2004; van der Wee
et al., 2003). This hypothesis is also supported by a PET study by Rauch et al., which
found that subjects with OCD showed increased activation of brain regions associated
with explicit learning, whereas control subjects showed increased activation in striatal
regions, associated with implicit learning (Rauch et al., 1997). It follows that deficits in
the implicit cortico-striatal circuitry of OCD subjects led to the more effortful
engagement of the prefrontal circuitry.

All of the above studies suggest the possibility that there might be a relationship
between OCD and cerebellar-regulated excitatory/inhibitory resources, as alpha
generators include thalamic-cortical and cortical-cortical loops, essential for inhibitory
and excitatory interplay (Lopes da Silva, 1991; Nunez, Wingeier, & Silberstein, 2001;
Pfurtscheller et al., 1996; Steriade, Jones, & Llinás, 1990). Some have proposed that
OCD is mediated by an imbalance of excitatory and inhibitory pathways within the
fronto-striatal circuit (Saxena et al., 2001; Saxena, Brody, Schwartz, & Baxter, 1998).
Cerebellar connectivity to the basal ganglia, thalamus, prefrontal and parietal cortices has
been demonstrated in two resting state region of interest studies by He et al. (2004) and
Allen et al. (2005). Given that there are projections between the cerebellum and the
prefrontal cortex (including the dorsal prefrontal and anterior cingulate cortices) (H. C.
Leiner, Leiner, & Dow, 1986), as well as the finding that the cerebellum maps to the
executive control network, including both the dorsolateral prefrontal and lateral parietal
neocortices (Habas et al., 2009; Krienen & Buckner, 2009), the involvement of the
10

cerebellum in OCD would be forseeable. Schmahmann’s dysmetria of thought hypothesis
may serve as a possible explanation of the cerebellum’s role in OCD, with its typical
function of regulating “the speed, capacity consistency, and appropriateness of mental or
cognitive process” (Schmahmann, 1997, 2010).

There are some neural anatomical abnormalities in subjects with OCD that have
been consistently supported by the literature. Among these, the finding of reduced OFC
volumes in adults with OCD has been repeatedly related to more severe symptomology
(Atmaca, Yildirim, Ozdemir, Tezcan, & Poyraz, 2007; Atmaca et al., 2006; Choi et al.,
2004; Kang et al., 2004; Rotge et al., 2009; Szeszko et al., 1999). Several magnetic
resonance spectroscopy studies have shown decreased N-acetyl-aspartate (NAA) levels in
the striatum and the ACC, suggesting a neuronal loss or dysfunction (review: Maia et al.,
2008). Whole brain morphometry studies report gray matter abnormalities in the
OFC/ACC CBGTC loops (Maia et al., 2008), as well as a reduction in white matter
connections in the posterior brain and frontal-striatal circuits (Menzies, Williams, et al.,
2008). However, little is known about specific cerebellar morphometry in OCD.

The above support for inhibitory deficits (of unresolved origins) in OCD,
combined with the evidence that cerebellar lobules VI and VII have broad connectivity
with prefrontal and parietal cortices related to inhibitory control and play a significant
role as modulators of systemic inhibitory/excitatory activity, strongly points to the
potential importance of the cerebellum in OCD (Bernard et al., 2012; H. C. Leiner et al.,
1986; Strick, Dum, & Fiez, 2009). This study was conducted in order to explore the
relationship between cerebellar morphometry and OCD.
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An investigation of the morphometry of the cerebellum in OCD may help to
uncover the specifics of this relationship. The lobules VI-VII of the cerebellar vermis
have been put forward to be involved in cognitive and affective functions, with the
vermis as a whole involved in the limbic system (Schmahmann, 1991, 1996, 2000,
2004). Moreover, executive tasks have been shown to activate lobules VI-VII (Habas et
al., 2009; Stoodley & Schmahmann, 2009). Given the consistently demonstrated
functional involvement of the fronto-striatal network with some evidence of extensions
into the parietal, occipital, and cerebellar regions in OCD, as well as the connectivity of
the cerebellum to these regions and involvement of lobules VI-VII in executive function,
we believe an investigation into lobules VI-VII in OCD to be a worthy endeavor, one
which may contribute to our understanding of the neurobiology of the disorder.

1.4. The Cerebellum and Clinical Foundations of the Current Study Proposal
Given the consistent networks that have been associated with OCD and reported
in neuroimaging studies, we consider the cerebellum as an important candidate for
involvement in OCD. The cerebellum is closely connected with those cortical association
areas that have been repeatedly implicated in obsessive compulsive disorder, including
the dorsal prefrontal cortex, by way of the thalamus (H. C. Leiner et al., 1986). In
addition, the cerebellum has been suggested to play a key role in learning and memory
during early development (Ciesielski, Harris, Hart, & Pabst, 1997; Ciesielski, Lesnik,
Savoy, Grant, & Ahlfors, 2006), which affected, may contribute to conditions like OCD.
The role of the cerebellum has had very little consideration thus far, in the case of OCD.
In fact, transneuronal tracing techniques that can follow the multi-synaptic projections
between the cerebellum and the cortical areas associated with OCD have only been
developed and refined fairly recently (Kelly & Strick, 2000). The conceptualization of
12

the cerebellum has matured right alongside the neuroimaging technology. Though once
thought of as purely a site of motor modulation, the cerebellum is now known to play a
role in the modulation of human cognitive function. While earlier tract-tracing techniques
were unable to trace the multi-synaptic connections between the cortex and cerebellum,
newer imaging techniques have been able to identify specific functional and anatomical
connections between regions of the cerebellum and cognitive areas (Buckner, 2013;
Stoodley & Schmahmann, 2009). Using tract-mapping with herpes and rabies viruses
Strick and colleagues have traced specific projections from prefrontal regions BA9 BA10 via the dorsal thalamus to the cerebellum (Strick et al., 2009).

Leiner, Leiner, and Dow (1994) theorized that because the cerebellum is
composed of longitudinal neural columns that have similar morphology, the neural
processes within these modules should be similar as well. However, because the
projections to and from the cerebellum vary, the specific functions of different regions of
the cerebellum should be defined by those areas of projection (H. C. Leiner, Leiner, &
Dow, 1989; Henrietta C. Leiner, Leiner, & Dow, 1994). For example, the cerebellar
regions that project to motor-premotor cortex should be associated with modulatory
motor processing, while the cerebellar regions that project to the inferior parietal and
prefrontal cortex should be associated with modulation of memory and processing of
visual-spatial stimuli. Reports by Schmahmann and Caplan (2006) are consistent with
this; the lateral hemispheres of the cerebellar posterior lobe (lobules VI-VII) have
feedforward loops through the nuclei of the basal pons (basis pontis) and feedback loops
going from the deep cerebellar nuclei through the thalamus to prefrontal and parietal
association areas that are involved in higher level cognitive processes. This
phylogenetically new region is also referred to as the neocerebellum. They also reported
13

reciprocal connections between the cerebellum and hypo-thalamus (Schmahmann &
Caplan, 2006).

1.5. Further Evidence: Cerebellar Dysfunction in Related Disorders
Several psychiatric disorders related to OCD have been associated with cerebellar
pathology. The similarities and differences between the phenomenology of these
disorders and the locations of cerebellar pathology may help to illuminate the specific
brain mechanisms in each disorder. Pathology of the cerebellum has been implicated in
Autism Spectrum Disorder (ASD), Attention Deficit Hyperactivity Disorder (ADHD),
and Schizophrenia, all of which display significant obsessive and compulsive symptoms
and have genetic overlap with OCD (Christ, Kester, Bodner, & Miles, 2011; Maia,
Cooney, & Peterson, 2008; Murphy, Timpano, Wheaton, Greenberg, & Miguel, 2010).
Of the above, ASD and OCD have perhaps the most significant overlap, with
obsessions and compulsions common to both, and hereditary overlap between the
disorders (Bejerot, 2007; Micali, Chakrabarti, & Fombonne, 2004; Russell, Matix-Cols,
Anson, & Murphy, 2005). ASD is also associated with impaired executive functioning,
including response inhibition (Robinson, Goddard, Dritschel, Wisley, & Howlin, 2009).
As early as 1988, hypoplasia of cerebellar vermal lobules VI and VII was reported to be
common in patients with ASD (Courchesne, Yeung-Courchesne, Hesselink, & Jernigan,
1988) and this was replicated in later studies (Ciesielski et al., 1997; Courchesne et al.,
1994; meta analysis: Stanfield et al., 2008). Though, there is some evidence of a role of
IQ and age in this effect (Stanfield et al., 2008). Reduced cerebellar Purkinje cell
numbers and abnormal cerebellar anatomy have been consistently reported in ASD
(Fatemi et al., 2012; Rogers et al., 2013). Additional evidence of cerebellar abnormality
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in ASD comes from a study of tasks involving attentional focus, which found a
significant reduction in cerebellar activation (Allen & Courchesne, 2003). The
cerebellum has been indicated in other OCD spectrum disorders as well, with specific
localization within the cerebellum for each disorder.

The presumed circuity of OCD (CBGTC) and ADHD (frontal-striatal-cerebellar)
has notable overlap, and inhibitory deficits are characteristic of both. MRI studies of
ADHD have reported smaller cerebellar hemispheric and vermal volumes. Volume
reductions associated with ADHD were found to be predominantly in vermal lobules
VIII-X, (Berquin et al., 1998; Review: Krain & Castellanos, 2006; Mostofsky, Reiss,
Lockhart, & Denckla, 1998).

The regions of the cerebellum associated with schizophrenia are also
differentiated from the OC-spectrum disorders described above, though obsessivecompulsive symptomology may at times accompany a diagnosis of schizophrenia and
comorbidity rates of OCD and schizophrenia have been shown to be higher than chance
(Bottas, Cooke, & Richter, 2005). Studies on the biological mechanisms of schizophrenia
have indicated lower blood flow in the cerebellum and frontal cortex (Parker, Narayanan,
& Andreasen, 2014). Schizophrenia has been associated with abnormally small inhibitory
Purkinje cells, as well as a reduction in excitatory input to Purkinje cells from granule
cells. Interplay between Purkinje and granule cells modulate input to the cerebral cortex,
through the deep cerebellar nuclei (Andreasen & Pierson, 2008). The cerebellar volume
differences found in schizophrenia are marked by somewhat inconsistent findings. Levitt
et al. (1999) found the cerebellar vermal volume to be enlarged in schizophrenia, with
the effect driven mostly by white matter volume (Levitt et al., 1999), and Loeber et al.
15

(2001) found a significantly smaller inferior vermis of the cerebellum (Loeber, Cintron,
& Yurgelun-Todd, 2001), while Nopoulos et al. (2009) found a smaller overall vermis
area, especially in the anterior lobe (Nopoulos, Ceilley, Gailis, & Andreasen, 1999).

Despite the growing literature on the role of the cerebellum in obsessivecompulsive spectrum disorders, as far as we are aware, only one study has evaluated the
anatomy of the cerebellum in OCD; Narayanaswamy, et al. (2016) measured and
compared the cerebellar volume of 49 medication-naïve OC patients and 39 age and sex
matched healthy controls (HC) employing the SUIT toolbox to conduct an automated
calculation of the cerebellar volume. A significantly smaller cerebellar volume was found
in OC vs HC subjects, especially in the posterior lobe sub-regions-lobule VI and left crus
1 (Narayanaswamy et al., 2016). In the vermis, they found a significantly smaller volume
for lobule VI of the OC group (Narayanaswamy et al., 2016). While we believe this to
be significant first-line evidence to warrant further research into the role of the
cerebellum in OCD, we note that the reliability of atlas-based automatic measurements of
the cerebellum may be limited (Price, Cardenas, & Fein, 2014). For this reason, in the
study presented here, all measurements were conducted using an integrative
morphometric technology combining computer assisted algorithm and individually
manually controlled measurements. Three highly-trained technicians were employed,
achieving very high inter-rater reliability, with all measurements within 10% of one
another.
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Chapter 2
2.1. Questions

Questions and Hypotheses

Here we pose 3 major questions:
1. Is the morphology of the cerebellar vermal lobules I-V of the anterior lobe altered in
OCD?
2. Is the morphology of the cerebellar vermal lobules VI-VII of the posterior lobe altered
in OCD?
3. Is there a relationship between morphometric anomaly in vermal lobules I-V or VI-VII
that is associated with the severity of OCD symptoms?

2.2. Hypotheses
Hypothesis I
Given that lobules I-V are primarily involved in sensory/motor processing, and that
functioning in these domains is not part of the clinical phenomenology of OCD, we did
not expect that the morphometry of the cerebellar vermal lobules I-V would be
significantly different in subjects with OCD, compared to healthy controls (HC).

Hypothesis II
Lobules VI- VII have been found to be active during spatial tasks, executive inhibitory
functions, language and affective processing, with the posterior vermis involved in
emotion processing. These areas receive projections from prefrontal, parietal, temporal,
and cingulate cortices (Stoodley & Schmahmann, 2009). OCD is associated with
impairments in perception/memory of spatial tasks and with top-down inhibitory control.
Functional imaging studies (MEG and functional MRI) reflect hyper-activation of the
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OFC, ACC and caudate nuclei, as well as abnormally reduced activation in the inferior
parietal regions, all of which are closely connected to the posterior cerebellum. Taking
all of this into account, we expected that the volumes of vermal lobules VI-VII would be
reduced in OCD subjects when compared to HC subjects.

Hypothesis III
We predicted no relationship between OCD severity and morphometry of lobules I-V,
and a higher degree of morphometric abnormality in vermal lobules VI-VII associated
with Y-BOCS scores indicating OCD of higher severity.
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Chapter 3
Methods
All image acquisition and neuropsychological measures were performed prior to
this study. MRI was performed at the MGH/MIT/HMS Athinoula A. Martinos Center for
Biomedical Imaging, Massachusetts General Hospital, using a Siemens Sonata, 1.5 Tesla
Siemens AG, Erlangen, Germany between years 2003 - 2014.

3.1. Participants
Structural MRI was acquired from 15 non-medicated, subjects with OCD (YBOCS range: 23-33), age 12-42, and 15 approximately age-matched control subjects (age
13-42, maximum Y-BOCS: 6). No subject was cognitively impaired. Lifetime presence
of another DSM-V diagnosis, alcohol abuse, substance abuse, a severe head trauma, and
symptoms of clinical depression during the preceding three months were each grounds
for exclusion.

3.2. Imaging
MRI Data Acquisition
High-resolution structural MR scans were obtained from a total of 30 participants.
MRI was performed at the MGH/MIT/HMS Athinoula A. Martinos Center for
Biomedical Imaging, Massachusetts General Hospital, using a Siemens Sonata, 1.5 Tesla
Siemens AG, Erlangen, Germany. To create a single image with high contrast-to-noise,
two separate MP-RAGE acquisitions were registered for each participant, motion
corrected and averaged. High-resolution 3D structural images were acquired (TR=2.7 s,
TE=3.4 ms, FOV=256 mm, 256 x 256 matrix, slab thickness 170 mm, voxel size 1.3 mm
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x 1.0 mm x 1.3 mm). The duration of each of two MP-RAGE scans was 8 min 46 s.
These T1-weighted images provided a detailed structural base for registration and 3D
normalization to the Talairach and Tournoux (1988) atlas. These acquisition parameters
were empirically optimized to increase gray/white and gray/cerebrospinal fluid contrast.

MRI Data Preprocessing
Cortical reconstruction and volumetric segmentation were performed with the
FreeSurfer image analysis program (Dale et al., 1999; Dale and Sereno, 1993; Fischl and
Dale, 2000; Fischl et al., 2002; Fischl et al., 2004; Fischl et al., 1999a; Segonne et al.,
2004, Reuter et al. 2012). The 3D structural scans were used to construct models of each
individual cortical surface. Cross-subject statistics were generated in a cortical surfacebased coordinate system (Dale and Sereno, 1993; Dale et al., 1999; Fischl et al., 1999 a,
b).

In consecutive stages, the Freesurfer processing included: (i) motion correction
and averaging (Reuter et al. 2010) of two high-resolution volumetric T1 weighted
images; (ii) removal of non-brain tissue using a hybrid watershed/surface deformation
procedure (Segonne et al., 2004); (iii) automated Talairach transformation (Fischl et al.,
2004a); (iv) intensity normalization (Sled et al., 1998), (v) tessellation of the gray
matter/white matter boundary and automated topology correction (Fischl et al., 2001;
Segonne et al., 2007). Freesurfer morphometric procedures have been demonstrated to
show good test-retest reliability across scanners and field strengths (Han et al., 2006;
Reuter et al., 2012).
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3.3. Cerebellar Morphometry Protocol in Freesurfer
This study relies on a detailed manual segmentation protocol developed in the
Pediatric Neuroscience Lab. The protocol was designed for collection of volumetric
measures of two targeted ROIs: cerebellar vermal lobules I-V and VI-VII, and driven by
atlases and anatomical evidence (Kandel, 2013; Nolte, 2002; Schmahmann et al., 1999).
Because the characteristic curvature of the cerebellar lobules makes it difficult to obtain
reliable measurements using automated software (Price et al., 2014), this protocol relies
on a method of meticulous manual tracing performed within the Freesurfer software.
Three independent blind raters completed all measurements and were evaluated for interrater-reliability. All measurements had a maximum of 10% difference between the
largest and smallest measurement taken by all raters. Below, we include a summary of
the protocol and the reasoning behind it.

Measurements were limited to three sagittal slices, which were averaged between
raters, then summed, in order to optimize accuracy in measuring the cerebellar vermis
morphometry. (In viewing the highly curved folia of each lobule, more lateral slices,
quickly lose spatial resolution.) In order to consistently choose optimal sagittal slices
comparable between subjects, the middle slice was selected with the longest Primary
Fissure, then one slice to the left, and to the right, were additionally included. Vermal
lobules I-V were measured in millimeters3, in each slice, by manual tracing beginning
and ending at the floor of the Fourth Ventricle, following the individual folia of each
lobule, and travelling along the Primary Fissure. Similarly, vermal lobules VI-VII were
measured by manual tracing beginning and ending at the floor of the Fourth Ventricle,
following the individual folia of each lobule, and travelling along the Prepyramidal
Fissure. (The anatomical landmarks and an example of the manual tracing method are
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displayed in Figure 1 and 2 on the following page). An estimate of the total intracranial
volume (TIV) to serve as a covariate was made by two independent blind raters evaluated
for inter-rater-reliability using a manual tracing protocol based off of a protocol
developed by Eritaia et al. (2000). This method was chosen because it is more resistant to
possible pathological brain changes, which were not a focus of this study, than other
global brain measures such as cerebral volume (Eritaia et al., 2000). Every 15th slice was
taken, in either direction, starting with the midsagittal slice (determined by maximum
clarity of the cerebral aqueduct, or the septum pellucidum if that was ambiguous). The
sum of these slices was then multiplied by 15 in order to get the estimate of TIV. The
difference between calculated TIV between raters was a maximum of 10%. The average
of the TIV measurements between raters was calculated and accepted as the TIV to be
used in further calculations.
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Figure 1:

Figure 2:

Anatomical Landmarks of the Cerebellar
Vermis

Image of Manual Tracing of Cerebellar
Vermis in Freesurfer: Anterior Lobules
I-V in pink, Posterior Lobules VI-VII in
purple

Figure 1: Original image from Farrel
Robinson, 2013, Edited for purposes here

3.4. Rating Scales and Neuropsychological Assessment
Each subject participated in a comprehensive battery of assessments, including
the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS), Hamilton Depression Rating
Scale (Ham-D), Controlled Oral Word Association-FAS (COWA-FAS), Rey-Osterrieth
Complex Figure Test (ROCFT), and the Wisconsin Card Sorting Test (WCST). The
severity of OCD symptoms was assessed with the Y-BOCS questionnaire (Goodman et
al., 1989). For inclusion in the OCD group, a minimum score of 16, corresponding to
OCD of moderate OCD or higher, was required on the Y-BOCS. To reduce potential comorbidity effects, the Hamilton Depression Rating Scale (Ham-D), a self-report measure
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of depression, was administered to all subjects, with a score of 13, corresponding to the
cut-off for mild versus moderate depression, accepted for inclusion (Hamilton, 1980).
The FAS is a measure of verbal fluency that relies on executive functioning, the ROCFT
was designed to assess perceptual organization and visual memory, and the WCST is
employed to measure mental flexibility and set shifting, (Lezak, Howieson, Bigler, &
Tranel, 1995). Further description of the neuropsychological measures can be found in
the appendix.

3.5. Statistical Analysis
All statistical analyses were performed in SPSS Statistics Version 25. Power
analyses were performed in G* Power Version 3.1.9.2.

Preliminary Analyses:
Prior to conducting the primary analyses, preliminary analyses were conducted in
order to evaluate the soundness of conducting our main analyses. All variables were
analyzed in a Pearson Correlation in order to establish that there were no unexpected
relationships between the measures that we had available from previous studies and our
variables of interest—that no relationship between variables was anomalous from what
has been established in the literature. In addition, the assumptions necessary for modeling
by linear regression were evaluated.

Primary Analysis:
In order to make our results usable for future meta-analyses, as well as to get the
most complete understanding of our results, we analyzed our data in multiple ways. First,
the effect of a diagnosis of OCD on the prediction of the sum of vermal lobules I-V
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volume (SUM I-V) and the sum of vermal lobules VI-VII volume (SUM VI-VII) was
evaluated by modeling a linear regression of each of these volumes as an outcome
variable, OCD diagnosis as the predictor of interest, and gender, age, and TIV as the
covariates. The model was created first with the covariates alone as the predictors,
followed by the covariates and the OCD diagnosis variable in order to evaluate whether
the diagnosis was itself a significant predictor. Next, in order to evaluate whether the
severity of OCD significantly predicted the SUM I-V or the SUM VI-VII, a model was
created for the OC group only, with Y-BOCS scores as the predictor of interest, and
gender, age, and TIV as covariates. This was first modeled with the covariates alone,
followed by the covariates and the Y-BOCS scores in order to evaluate whether the
severity was itself a significant predictor.

Power Analysis:
The sensitivity of the study was calculated in order to determine the minimum
detectable effect of each of the regressions. This information was used to contextualize
the significance findings of the current study.
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Chapter 4
Results
4.1. Preliminary Analysis:
Correlations:
Pearson’s correlation coefficients were calculated to check that no relationship
between variables was anomalous from what has been established in the literature.
Correlations were calculated for the SUM I-V, SUM VI-VII, Y-BOCS scores, Ham-D
scores, neuropsychological assessment scores (standardized by age), the TIV estimate,
and age of onset (limited to OCD group). A correlation table for the entire data set (both
groups) can be found in Table B1 of Appendix B, followed by a correlation table limited
to the OCD group in Table B2, the control group in Table B3, and the significant
correlations for all groups in Table B4.

Though we did not uncover anything of concern, there were some interesting
significant correlations in our data. See Table 1, below. The SUM I-V was significantly
correlated to TIV at a 0.05 level in the OC group and in the control group, and at 0.01
level in whole group (r = .521, r =.541, r = .505, respectively), while the SUM VI-VII
did not significantly correlate with TIV. As expected, the Hamilton Depression scores
were correlated with all Y-Bocs scores. WCST Cat was negatively correlated with all YBocs scores, and WCST PE was positively correlated with Y-Bocs Compulsions and
Total Y-Bocs, in all subjects, but was not significantly correlated with Y-Bocs
Obsessions, except in the control group.
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Table 1
Significant Pearson Correlations of Cerebellar Morphometry
Pearson Correlation
Variables Correlated
SUM I-V and TIV

ROCFT Copy and SUM VIVII

OC

Control

All Subjects

.521*

.541*

.505**

N=15

N=15

N=15

-.700*
(N=12)

COWA-FAS and SUM VI-VII

-.820**
(N=12)

Note: All Neuropsych scores were standardized based on age.
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Perhaps most interestingly, considering our original hypotheses, the ROCFT
Copy had a significant correlation (r = -.700, p < .05) with the SUM VI-VII in the OC
group, as did the COWA-FAS (r = -.820, p < .01).

Analysis of Assumptions for Linear Regressions:
The goal of the next step of the preliminary analysis was to establish that no
assumption of linear regression was violated. The assumptions were checked using
standard methods, however given the small sample size it was decided that, except in
extreme cases, no cases should be removed. A summary of the assumption-checking and
diagnostics follows.
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First for all regressions, scatterplots were graphed in order to check linearity.
There were no obvious contradictions of this, though we note that there was also not
obvious linearity in any case. (The small sample size makes for difficult assessment of
the form of the relationship between the variables.) Next, correlations of the predictor
variables, as well as matrix scatterplots, were produced in order to check for
multicollinearity. Though there were significant correlations between Age and TIV (p <
.05, r = -.353), as well as Gender and TIV (p < .01, r = .471), these variables were all
kept in the model because of inconclusive literature on the relationship between TIV and
age starting in adolescence and because of unknown potential effects of gender on our
variables of interest. Further, VIF values were all well below 10 and tolerance values
were all well above 0.2, therefore multicollinearity in data did not appear to be a
problem. A Durbin Watson test did not reveal any problems with the assumption of
independent errors. Casewise diagnostics included evaluating standardized residuals for
outliers, as well as evaluating Cook’s distance, leverage values, DF Beta values,
covariance ratios, and Mahalanobis distance for influential cases. Overall, interpretation
of the casewise diagnostics did not create cause for concern, however there was one
influential case in the model predicting the SUM I-V in the OC group only, using total
Y-BOCS as a predictor as indicated by the standardized DF Beta values and DF Fit
Values. There were also two influential cases in the model predicting the SUM VI-VII in
the OC group only, using total Y-BOCS as a predictor, as indicated by their standardized
DF Beta values and DF Fit Values. Given our small sample size, we did not feel
comfortable removing any of these cases, however in a test-removal, the significance of
the Y-BOCS predictor was not affected. Scatterplots of Z-predicted versus Z-residual
were produced to check the normality of the residuals for each regression and all were
relatively normal, although slight funneling was observed for the SUM I-V predicted by
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OC diagnosis. However, given the small sample size there simply were not enough data
points to provide evidence against the model. P-P plots were produced for each
regression and all suggested fairly normal distributions, though the P-P plot for the SUM
VI-VII predicted by OC diagnosis did show some deviation. Again, this was not
interpreted to be a concern given the small sample size. Finally, histograms of the
frequency of all standardized residuals were produced and nothing was cause of serious
concern.

4.2. Primary Analysis: Linear Regressions
Regressions were modeled first according to the presence of a diagnosis of OCD
in the full set of subjects, then according to total Y-BOCS scores in the OCD group only.
A linear regression predicting the SUM I-V was modeled with OCD diagnosis as a
predictor, and gender, TIV, and age as covariates. For comparison, the model was
performed first with covariates only, then with OC diagnosis added as a predictor. The
same model was used to predict the SUM VI-VII. These regressions were performed in
the OC group only, with Y-BOCS replacing OCD diagnosis as the predictor in order to
model OC severity. In all models, the Hamilton Depression rating was not included as a
covariate because of its’ high correlation with a diagnosis of OCD, and because the
sample only included those with a maximum severity of mild depression.

Vermal Lobules I-V Model According to Diagnosis of OCD:
Refer to Table C1 in the Appendix C for additional details of the regression. The
model predicting the SUM I-V with TIV, age, and gender as the only predictors was
significant at a .05 level, p = .032, R2 = .28 (28% of the variation in SUM I-V was
accounted for by the model, including the covariates as the only predictors). The model
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that included the addition of an OCD diagnosis as a predictor was significant at a .05
level, p = .039, R2 = .32 (32% of the variation in SUM I-V was accounted for by the
model including OCD diagnosis, age, TIV, and gender as the predictors). However, the
adjusted R2 (.22) was substantially lower than the value for R2, suggesting that although
significant, this model is most likely an overestimate. In addition, no variable in the
model was a significant predictor at a .05 level. Given that no variable was significant
and that both the covariate-only model and OC model were significant, with only a small
change in R2, these models were not taken as evidence that a diagnosis of OCD is a
significant predictor of the SUM I-V.

For visualization of the raw data, Figure 3, below, contains a bar graph of the
mean volumes. For the SUM I-V, the Control group had M = 993.29 mm3, SD = 126.00
mm3, SE = 32.53 mm3while the OCD group had M = 1041.07 mm3, SD = 92.69 mm3, SE
= 23.93 mm3.

Figure 3. Mean volume of SUM I-V volume in HC and OC groups (with 95% CIs)
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Vermal Lobules VI-VII Model According to Diagnosis of OCD:
Refer to Table C2 in Appendix C for additional details of the regression. The
model predicting the SUM VI-VII with TIV, age, and gender as the only predictors was
not significant at a .05 level, p = .621, R2 = .07 The model that included the addition of
an OCD diagnosis as a predictor was not significant at a .05 level, p = .729, R2 = .08. In
addition, no variable in the model was a significant predictor at a .05 level. Given that no
variable was significant and that neither the covariate-only model nor the OC model was
significant, these models were not taken as evidence that a diagnosis of OCD is a
significant predictor of SUM VI-VII.

For visualization of the raw data, Figure 4, on the following page, contains a bar
graph of the mean volumes. For the SUM VI-VII the Control group had an M = 674.40
mm3, SD = 131.09 mm3, and SE = 33.85 mm3, while the OCD group had an M = 705.98
mm3, SD = 115.14 mm3, SE = 29.73 mm3.
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Figure 4. Mean volume of SUM VI-VII volume in HC and OC groups (with 95% CIs)

Vermal Lobules I-V Model According to Y-BOCS
Refer to Table C3 in Appendix C for additional details of the regression. The
model predicting the SUM I-V with TIV, age, and gender as the only predictors was not
significant at a .05 level, p = .246, R2 = .30. The model that included the addition of YBOCS scores as a predictor was not significant at a .05 level, p = .298, R2 = .36. In
addition, no variable in the model was a significant predictor at a .05 level. Given that no
variable was significant and that neither the covariate-only model nor the Y-BOCS model
was significant, these models were not taken as evidence that OCD severity is a
significant predictor of the SUM I-V.

Vermal Lobules VI-VII Model According to Y-BOCS
Refer to Table C4 in the appendix for additional details of the regression. The
model predicting the SUM VI-VII with TIV, age, and gender as the only predictors was
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not significant at a .05 level, p = .691, R2 = .12. The model that included the addition of
Y-BOCS scores as a predictor was not significant at a .05 level, p = .837, R2 = .12. In
addition, no variable in the model was a significant predictor at a .05 level. Given that no
variable was significant and that neither the covariate-only model nor the Y-BOCS model
was significant, these models were not taken as evidence that OCD severity is a
significant predictor of the SUM VI-VII.

4.3 Power Analysis:
A power analysis was conducted in G* Power 3.1 to determine the minimum
detectable effect size for each of the regressions.

For each of the models predicting vermal volumes with four predictors: gender,
TIV, age, and OC diagnosis, with an alpha significance criterion (a) of .05, where N =
30, it was calculated that an effect size of η2 = 0.22 (d= 1.06) would be required to have
an 80% probability of detecting the effect as significant, if it exists.

For the regressions involving the OC group only, predicting vermal volumes with
four predictors: gender, TIV, age, and Y-Bocs score, with an alpha significance criterion
(a) of .05, where N = 15, it was calculated that an effect size of η2 = 0.39 (d=1.61) would
be required to have an 80% probability of detecting the effect as significant, if it exists.

We additionally conducted a power analysis to determine what sample sizes
would be needed to produce a significant result if the effects found in this study were
representative of a true effect. This can be found in Appendix D.
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Chapter 5
Discussion
This study serves as a first targeted investigation into the morphometry of the
cerebellar vermis in OCD using computer-assisted manual morphometry. We found no
significant differences for vermal lobules I-V or VI-VII between subjects with OCD and
controls. This may be attributable to the true absence of between-group contrasts in the
morphometry of lobules I-V/VI-VII or to the presence of contrasts that simply were not
detected in this study due to limited power, sample composition, or study design. We
consider these possibilities below.

Morphometry of Vermal Lobules I-V
We hypothesized no significant difference between OC and HC groups in cerebellar
vermal lobules I-V. While this study did not find an effect, we only had the power to
detect quite a large effect. Lobules I-V are primarily involved in sensory/motor
processing, and though, it is possible that some or all cases of OCD have some atypical
sensory motor processing, we did not focus on any specific measures of motor
functioning in our subjects. Though not significant, the vermal volumes I-V were
actually slightly larger in the OC group than in the HC group. There is, however, reason
to believe that a reduction in I-V might exist in the OC group. Some research suggests
that OCD may be characterized by deficits in sensory motor gating—that is a deficit in
the ability to inhibit motor processing or responses. The comorbidity between tic
disorders and OCD may be discussed in context of the high-end on a spectrum of such
inhibitory deficits within the motor domain (Ahmari, Risbrough, Geyer, & Simpson,
2012). Additional support of deficient inhibitory control of motor output in OCD is
evident in a study that found reduced sensory evoked potential components during
34

movements in OCD patients compared to controls (Rossi et al., 2005). These findings of
reduced ability in sensory-motor inhibition are directly in line with the characteristic
inability of subjects with OCD to inhibit obsessions and compulsions. Furthermore, OCD
abnormalities have been linked to networks significantly involved in motor function,
which include the frontal cortex, supplementary motor and premotor areas, striatum,
globus pallidus, and thalamus (Russo et al., 2014).

Morphometry of Vermal Lobules VI-VII
Though we did not see an effect in this study, the hypothesized result of
decreased size of cerebellar vermal lobules VI-VII in the OCD group would help explain
many of the cognitive symptoms of OCD. Vermal lobule VI has been shown to be
activated during memory retrieval and vermal lobule VII has been shown to be activated
in relation to emotional processing (review: Stoodley & Schmahmann, 2009). There is
some evidence to suggest a finding of the reverse to that hypothesized, one of an
increased volume of lobules VI-VII in the OCD group. One study of Tourette Syndrome
(TS) by Tobe et al. (2010) found TS to be associated with an overall reduction of volume
in lobules VI and VII, however in the TS group with comorbid OCD, hypertrophy of
these lobules was found when compared with those with TS alone, and this increased
with OCD symptom severity. This study found that a comparison of comorbid OCD and
TS subjects to control subjects showed minimal morphological abnormality, consistent
with a trend of TS-associated hypotrophy of lobules VI and VII and OCD-associated
hypertrophy of lobules VI and VII (Tobe et al., 2010). Thus, this would suggest finding
increased volume in lobules VI-VII in our study, which had the exclusionary criterion of
any comorbid diagnosis. Tobe et al. (2010) suggested that the increased size of lobules
VI-VII might be related to over-excitation of target cortical regions in OCD (Tobe et al.,
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2010). Although, not significant, the mean volume for lobules VI-VII in this study was
actually slightly larger in the OC group (M = 705.98, SD = 115.14) than in the HC group
(M = 674.40, SD = 131.09). It follows that we cannot rule out the possibility that the true
nature of the morphometry of the vermal lobules VI-VII in relation to OCD is the reverse
of our hypothesis—that there is an increase in volume associated with OCD. Another
possibility is that alterations in the volume of the vermal volumes are dependent upon the
specific factors within OCD. Our study did not take into account the heterogeneity of
OCD in its design because of the limited sample size. It is, however, possible that there
are consistent alterations in the morphology of the vermal regions that are specific to
subcategories of OCD diagnosis. A closer look at the specific symptom profile in a larger
data set might uncover this relationship if it exists.

The single published targeted cerebellar morphometry in OCD by
Narayanaswamy et al. (2006) found a significantly smaller volume in vermal lobule VI
of OC subjects (Narayanaswamy et al., 2016). The discrepancy between the findings of
that study and our own might be explained by the fact that their sample size was quite a
bit larger and measurements were automated, rather than manual. However, it is also
possible that a significant effect exists at the level the single lobule, but not at the level of
the combination of lobules VI and VII. If a difference exists at the level of specificity of
one lobule of the vermis, this would be important for understanding the emotional
symptomology of OCD considering the connectivity of lobule VII to the limbic and
anterior cingulate (Barlow, 2002).

Associations between the Vermal Lobules and Cognition
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Despite the fact that the main question of interest did not reveal any significant
findings, we did note some interesting relationships in this study that should be
investigated further. Vermal lobules VI-VII were not found to significantly corelate with
TIV in any group, while lobules I-V did so in all groups. One possibility that would
follow from the literature on autism which has found a moderating effect of IQ on
vermal hypoplasia in lobules VI-VII (Stanfield et al., 2008), is that the volume of VI-VII,
more than, lobules I-V may be related to attributes other than TIV, such as IQ or general
cognitive ability.

The notion that there is a close relationship between the morphometry of vermal
lobules VI-VII and cognitive ability is supported by another interesting correlation in this
study. A significant negative Pearson correlation between the ROCFT-Copy and the sum
of vermal lobules VI-VII (r = -.700, p < .05), as well as between the COWA-FAS and the
sum of vermal lobules VI-VII (r = -.820, p < .01) in only the OC group were found. If
replicated, these finding may be in line with the evidence of a relationship between IQ
and lobules VI-VII in autism. Given the lack of a significant correlation between lobules
VI-VII and TIV in any of the groups in this study, and the presence of a significant
correlation between both COWA-FAS and ROCFT-Copy with lobules VI-VII in only the
OC group, we believe that the relationship between different specific cognitive domains,
OCD, and vermal lobules VI-VII should be investigated further. It is possible that vermal
morphometric findings are dependent on the specific symptom profile of OCD, with
larger vermal lobules VI-VII existing in some cases of OCD, associated with either
poorer performance on the COWA-FAS or the ROCFT-Copy. We note that we did not
identify a significant correlation between the WCST and any of our morphometry
measures. In a meta-analytic study of the neuropsychology of OCD, small effect sizes
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were found for visuospatial abilities and verbal and working memory, while medium
mean effect sizes were found for executive function subdomains, processing speed, and
sustained attention, and a large effect size for non-verbal memory (associated with
impairments in executive functions) (Abramovitch, Abramowitz, & Mittelman, 2013).
The finding here may reflect a relationship between this vermal area and those cases of
OCD with more severe visuospatial processing difficulties (corresponding to lower
scores on the ROCFT copy) and verbal/executive skills (corresponding to lower scores
on the COWA-FAS), but unrelated to the difficulties on the WCST characteristic of
OCD. If future studies found that those with OCD and poorer performance on the FAS
and ROCFT copy also had an increased volume of vermal lobules VI-VII compared to
those with better performance, as well as controls with equivalent performance on the
COWA-FAS and ROCFT-copy, this would suggest a very specific subtype of OCD, and
would be quite an interesting finding.

Discussion of Study Limitations
We acknowledge the limitations of this study given the low power related to the
study’s small sample size, however, we wished to explore whether we might see a large
effect, as well as to eventually contribute our data to future analyses. A discussion of
power in this study follows.

The statistical sensitivity of this project was quite low. An effect size of η2 = 0.22
(d= 1.06) would have been required to have an 80% probability of detecting the effect as
significant in the regression modeling the presence of an OC diagnosis. An even larger
effect size of η2 = 0.39 (d=1.61) would have been required to have an 80% probability of
detecting the effect as significant in the regression modeling Y-Bocs scores. For
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reference, an effect size of d ≥ 0.8, was considered a large effect by Cohen (Cohen,
1988). However, in a past study of autism in our lab, we found a significant difference in
the vermal volume of lobules VI-VII (Ciesielski et al., 1997). Our study was included in
a meta-analysis of structural MRI studies in autism, in which the standardized mean
difference was calculated to be -1.20 (CI: -2.20, -.020), corresponding to η2 = 0.26 with
the confidence interval of η2 (.55, .01) (Stanfield et al., 2008). This reflects the
possibility of getting a significant result if there was an equal or larger effect size in
OCD.

Nonetheless, we were curious to find out if we would find a similar result in this
study of OCD, and eager to contribute to future meta-analyses of the cerebellum in OCD.
As highly-controlled studies, like ours, are expensive both in terms of finance and time,
the most feasible way to carefully evaluate our research question may in fact be to look at
many small studies until there is enough data for aggregate analysis. This is especially
true if there is an effect that is too small to detect with small samples. We also note that
we had the capacity to detect a large effect with no cost to the subjects involved, given
that the data had been previously collected as a part of earlier studies. We caution that
though no significant effect of OCD in the volume of cerebellar vermal lobules I-V or
VI-VII was detected, this study does not rule out the presence of an effect in our sample.

Though this study did not find any significant effects between OCD or its severity
and the volume of vermal lobules I-V or VI-VII, we believe it worthwhile to put future
efforts towards investigating whether such an effect does exist, as well as to consider the
theoretical implications of whether there is, in fact, no effect. We have already acquired
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imaging and neuropsychological data for additional subjects and are eager to see what
findings will result from expanding the current study in our own laboratory.
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Appendix A: Neuropsychological Measures
Description of Measures:
Controlled Oral Word Association Test (COWAT-FAS, Benton, Hamsher, & Sivan,
1989): For each of the letters F, A, and S, participant is asked to come up with as
many words as possible that begin with that letter, and is given 60 seconds to do so.
The participant is prompted to avoid proper nouns, numbers, and words which
differ in only their suffix.

Wisconsin Card Sorting Test, (WCST, Berg, 1948; Heaton, 1981): Participant is
asked to sort 128 cards, 1 card at a time into 4 stacks of cards defined by a base
card consisting of 4 symbols [triangle, star, cross, circle], which are one of 4 colors
[red, green, yellow, and blue symbols], and 4 quantities [1, 2, 3, or 4 symbols].
Beyond initial instructions of the task as a sorting task, the examiner only indicates
to the participant whether each card has been sorted correctly or incorrectly. A
correct response consists of the participant sorting the card according to the
correction dimension of the symbol (color, form, or number). The dimension shifts
after the participant performs correctly for 10 consecutive cards. The Categories
score, which ranges from 0 to 6, refers to the number of times the participant is
able to correctly sort 10 consecutive cards. If 6 categories are achieved, the test is
discontinued. The Perseverative Errors score is the number of times that the
participant either continues to sort according the previous rule, or in the case of the
initial set, according to a rule that is believed to be true despite not having recieved
feedback to indicate that the rule is true.

Rey Complex Figure Test, (ROCFT, Osterrieth, 1944; Rey, 1941): A paper
containing a complex figure in black ink is placed in front of participant and
participant is asked to copy image (copy). No prompting to remember image is
given. After a delay of 30 minutes, participant is asked to recreate image from
memory as exactly as possible (delayed recall).
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Appendix B: Correlation Tables
Table B1
Pearson Correlations, All Subjects
Measure

1

2

3

4

5

6

7

8

9

10

11

—

.219

-.186

.237

-.055

-.148

.159

.238

.012

.169

.505**

1.

SUM I-V

2.

SUM VI-VII

.219

—

.089

.146

-.020

.029

.088

-.245

-.064

-.246

.189

3.

Age

-.186

.089

—

.127

.268

.310

-.233

-.059

.274

-.187

-.353

4.

Y-BOCS

.237

.146

.127

—

.764**

-.435*

.417*

-.046

-.274

.246

-.021

5.

HAM-D

-.055

-.020

.268

.764**

—

-.538**

.508**

-.119

-.180

.047

-.228

6.

WCST Cat.

-.148

.029

.310

-.435*

-.538**

—

-.817**

-.080

.284

.001

-.160

7.

WCST PE

.159

.088

-.233

.417*

.508**

-.817**

—

.017

-.444*

-.120

.162

8.

ROCFT Copy

.238

-.245

-.059

-.046

-.119

-.080

.017

—

.377

.337

.184

9.

ROCFT Del.

.012

-.064

.274

-.274

-.180

.284

-.444*

.377

—

.244

-.237

10.

COWA-FAS

.169

-.246

-.187

.246

.047

.001

-.120

.337

.244

—

.102

11.

TIV

.505**

.189

-.353

-.021

-.228

-.160

.162

.184

-.237

.102

—

Note: All Neuropsych scores were standardized based on age.
For all measures, N=30, except WCST Cat, WCST PE, ROCFT Copy, ROCFT Del., and FAS, where N=27
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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Table B2
Pearson Correlations, OC Group
Measure

1

2

3

4

5

6

7

8

9

10

11

12

—

-.003

-.421

.179

-.428

-.093

.112

.531

.221

.478

.521*

-.330

1.

SUM I-V

2.

SUM VI-VII

-.003

—

.187

-.082

-.129

.139

.057

-.700*

-.217

-.820**

.138

.016

3.

Age

-.421

.187

—

.013

.162

.501

-.291

-.005

.178

-.496

-.556*

.291

4.

Y-BOCS

.179

-.082

.013

—

.153

.075

-.171

.140

-.125

.458

-.087

.333

5.

HAM-D

-.428

-.129

.162

.153

—

-.400

.408

-.003

.004

-.180

-.420

.266

6.

WCST Cat.

-.093

.139

.501

.075

-.400

—

-.829**

-.160

.201

.123

-.251

.153

7.

WCST PE

.112

.057

-.291

-.171

.408

-.829**

—

.099

-.313

-.186

.255

-.518

8.

ROCFT Copy

.531

-.700*

-.005

.140

-.003

-.160

.099

—

.360

.349

.066

.039

9.

ROCFT Del.

.221

-.217

.178

-.125

.004

.201

-.313

.360

—

.173

-.496

.596*

10.

COWA-FAS

.478

-.820**

-.496

.458

-.180

.123

-.186

.349

.173

—

.034

-.071

11.

TIV

.521*

.138

-.556*

-.087

-.420

-.251

.255

.066

-.496

.034

—

-.324

12.

Age Onset

-.330

.016

.291

.333

.266

.153

-.518

.039

.596*

-.071

-.324

—

Note: All Neuropsych scores were standardized based on age.
For all measures, N=15, except WCST Cat, WCST PE, ROCFT Copy, ROCFT Del., and FAS, where N=12
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

44

Table B3
Pearson Correlations, Control Group
Measure

1

2

3

4

5

6

7

8

9

10

11

—

.327

-.054

.061

-.332

-.111

.034

.104

-.036

-.108

.541*

.177

.240

.249

1.

SUM I-V

2.

SUM VI-VII

.327

—

-.050

.305

-.320

-.038

.065

3.

Age

-.054

-.050

—

-.044

.521*

.894**

-.451

-.135

.604*

.209

-.057

4.

Y-BOCS

.061

.305

-.044

—

.177

.110

-.268

.240

-.034

-.105

-.185

5.

HAM-D

-.332

-.320

.521*

.177

—

.559*

-.263

-.315

.142

-.180

-.235

6.

WCST Cat.

-.111

-.038

.894**

.110

.559*

—

-.432

.087

.664**

.258

-.027

7.

WCST PE

.034

.065

-.451

-.268

-.263

-.432

—

-.072

-.656**

-.461

.054

8.

ROCFT Copy

.104

.256

-.135

.240

-.315

.087

-.072

—

.399

.395

.385

9.

ROCFT Del.

-.036

.177

.604*

-.034

.142

.664**

-.656**

.399

—

.664**

.165

10.

COWA-FAS

-.108

.240

.209

-.105

-.180

.258

-.461

.395

.664**

—

.196

11.

TIV

.541*

.249

-.057

-.185

-.235

-.027

.054

.385

.165

.196

—

Note: All Neuropsych scores were standardized based on age.
For all measures, N=15
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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.256

Table B4
Pearson Correlations, Significant Only
Variables Correlated

OC

SUM I-V and TIV
Y-BOCS Comp and Y-BOCS Obs
Total Y-BOCS and Y-BOCS Obs
HAM-D and Y-BOCS Obs
WCST Cat. and Y-BOCS Obs
Total Y-BOCS and Y-BOCS Comp
HAM-D and Y-BOCS Comp
WCST Cat. and Y-BOCS Comp
WCST PE and Y-BOCS Comp
HAM-D and Total Y-BOCS
WCST Cat. and Total Y-BOCS
WCST PE and Total Y-BOCS
WCST Cat. and HAM-D
WCST PE and HAM-D
WCST PE and WCST Cat
ROCFT Del. and WCST PE
ROCFT Copy and SUM VI-VII
FAS and SUM VI-VII
TIV and Age
Age Onset and ROCFT Del.
HAM-D and Age
WCST Cat. and Age
ROCFT Del. and Age
WCST PE and Y-BOCS Obs
ROCFT Del. and WCST Cat.
COWA-FAS and ROCFT Del.

Pearson Correlation
Control
All Subjects

.521*

.541*

.789*

.852**

.710**

.692**

.559*
-.829**
-.656**

.505**
.938**
.985**
.723**
.387*
.984**
.783**
-.469*
.486*
.764**
-.435*
.417*
-.538**
.508**
-.817**
-.444*

-.700*
-.820**
-.556*
.596*
.521*
.894**
.604*
-.607*
.664**
.664**

Note: All Neuropsych scores were standardized based on age.
For “OC group”, N=15, except WCST Cat, WCST PE, ROCFT Copy, ROCFT Del., and FAS, where N=12
For “Control Subjects”, For all measures, N=15
For “All Subjects”, N=30, except WCST Cat, WCST PE, ROCFT Copy, ROCFT Del., and FAS, where N=27
** Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).
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Appendix C: Regression Tables
Table C1
Regression Models for Sum of Cerebellar Lobules I-V with OCD Diagnosis
b

SE B

β

Model 1
Constant

p
p = .032

481.53

301.98

p = .123

(-139.20,
1102.26)
Age

-0.86

2.50

-.06

p = .734

0.00

.39

p = .075

45.73

.198

p = .324

(-6.01, 4.29)
TIV

0.00
(0.00, 0.00)

Gender

45.97
(-48.03, 139.97)

Model 2
Constant

p = .039
465.15

299.54

p = .133

(-151.77, 1082.06)
OCD

44.61

36.69

.204

p = .235

2.49

-.087

p = .643

0.00

.394

p = .070

45.66

.169

p = .399

(-30.94, 120.17)
Age

-1.17
(-6.30, 3.97)

TIV

0.00
(0.00, 0.00)

Gender

39.17
(-54.87, 133.20)

Note. R2 = .28 and Adjusted R2 = .20 for Model 1; R2 = .32 and Adjusted R2 = .22 for Model 2; 95%
confidence intervals reported in parentheses; N = 30
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Table C2
Regression Models for Sum of Cerebellar Lobules VI-VII with OCD Diagnosis
b

SE B

β

Model 1
Constant

p
p = .621

288.30

378.70

p = .453

(-490.12, 1066.72)
Age

2.43

3.14

.16

p = .446

0.00

.22

p = .358

57.35

.05

p = .834

(-4.02, 8.82)
TIV

0.00
(0.00, 0.00)

Gender

12.17
(-105.71, 130.05)

Model 2
Constant

p = .729
278.98

384.36

p = .475

(-512.62,1070.58)
OCD

25.39

47.07

.11

p = .594

3.20

.15

p = .488

0.00

.23

p = .360

58.59

.03

p = .889

(-71.56, 122.34)
Age

2.25
(-4.34, 8.84)

TIV

0.00
(0.00, 0.00)

Gender

8.30
(-112.37, 128.96)

Note. R2 = .07 and Adjusted R2 = -.04 for Model 1; R2 =.08 and Adjusted R2 = -.07 for Model 2; 95%
confidence intervals reported in parentheses; N = 30
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Table C3
Regression Models for Sum of Cerebellar Lobules I-V with Y-BOCS in OCD Group
b

SE B

β

Model 1
Constant

p
p = .246

602.50

411.77

p = .171

(-303.80, 1508.80)
Age

-1.72

3.11

-.17

p = .591

0.00

.49

p = .223

65.35

-.11

p = .750

(-8.57, 5.13)
TIV

0.00
(0.00, 0.00)

Gender

-21.36
(-165.18, 122.46)

Model 2
Constant

p = .298
333.78

500.32

-.15

p = .520

3.13

.57

p = .648

0.00

-.17

p = .177

67.06

0.25

p = .617

7.53

-.15

p = .363

(-781.01, 1448.56)
Age

-1.47
(-8.46, 5.51)

TIV

0.00
(0.00, 0.00)

Gender

-34.57
(-183.98, 114.85)

YBOCS

7.18
(-9.59, 23.95)

Note. R2 = .30 and Adjusted R2 = .11 for Model 1; R2 =.36 and Adjusted R2 = .11 for Model 2; 95%
confidence intervals reported in parentheses; N = 15
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Table C4
Regression Models for Sum of Cerebellar Lobules VI-VII with Y-BOCS in OCD Group
b

SE B

β

Model 1
Constant

p
p = .691

156.65

574.91

p = .790

(-1108.72, 1422.02)
Age

4.72

4.34

.38

p = .300

0.00

.33

p = .451

91.23

.02

p = .950

(-4.83, 14.28)
TIV

0.00
(0.00, 0.00)

Gender

5.84
(194.96, 206.65)

Model 2
Constant

p = .837
242.31

728.05

p = .746

(-1379.88, 1864.49)
Age

4.65

4.56

.37

p = .332

0.00

.31

p = .506

97.58

.04

p = .920

10.95

-.06

p = .839

(-5.52, 14.81)
TIV

0.00
(0.00, 0.00)

Gender

10.05
(-207.37, 227.48)

YBOCS

-2.29
(-26.70, 22.12)

Note. R2 = .12 and Adjusted R2 = -.12 for Model 1; R2 = .12 and Adjusted R2 = -.23 for Model 2; 95%
confidence intervals reported in parentheses; N = 15
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Appendix D: Additional Power Analysis

Table D1
Sample Sizes Needed to Detect Effect Sizes Seen in this Study
Model

Effect size for
∆R2 in study

N Required for Significant
Finding

SUM I-V predicted from OC diagnosis

f2 = 0.042

N = 191

SUM VI-VII predicted from OC diagnosis:

f2 = 0.010

N = 779

SUM I-V predicted from Y-BOCS:

f2 = 0.064

N = 125

SUM VI-VII predicted from Y-BOCS:

f2 < 0.005

N > 1,500

Note: Calculated for a power of 0.8, 4 predictors, and α = .05

51

References
Ahmari, S. E., Risbrough, V. B., Geyer, M. A., & Simpson, H. B. (2012). Impaired
Sensorimotor Gating in Unmedicated Adults with Obsessive–Compulsive
Disorder. Neuropsychopharmacology, 37(5), 1216–1223.
https://doi.org/10.1038/npp.2011.308
Allen, A. J., Leonard, H. L., & Swedo, S. E. (1995). Case Study: A New InfectionTriggered, Autoimmune Subtype of Pediatric OCD and Tourette’s Syndrome.
Journal of the American Academy of Child & Adolescent Psychiatry, 34(3), 307–
311. https://doi.org/10.1097/00004583-199503000-00015
Allen, G., & Courchesne, E. (2003). Differential effects of developmental cerebellar
abnormality on cognitive and motor functions in the cerebellum: an fMRI study
of autism. The American Journal of Psychiatry, 160(2), 262–273.
https://doi.org/10.1176/appi.ajp.160.2.262
American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (DSM-5®). American Psychiatric Pub.
Andreasen, N. C., & Pierson, R. (2008). The Role of the Cerebellum in Schizophrenia.
Biological Psychiatry, 64(2), 81–88.
https://doi.org/10.1016/j.biopsych.2008.01.003
Aouizerate, B., Guehl, D., Cuny, E., Rougier, A., Bioulac, B., Tignol, J., & Burbaud, P.
(2004). Pathophysiology of obsessive–compulsive disorder: A necessary link
between phenomenology, neuropsychology, imagery and physiology. Progress in
Neurobiology, 72(3), 195–221. https://doi.org/10.1016/j.pneurobio.2004.02.004
Atmaca, M., Yildirim, H., Ozdemir, H., Tezcan, E., & Poyraz, A. K. (2007). Volumetric
MRI study of key brain regions implicated in obsessive–compulsive disorder.
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 31(1), 46–
52.
Atmaca, M., Yildirimb, H., Ozdemirb, H., Aydinb, A., Tezcana, E., & Ozlera, S. (2006).
Volumetric MRI assessment of brain regions in patients with refractory
obsessive–compulsive disorder. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 30(6), 1051–1057.
Bannon, S., Gonsalvez, C. J., Croft, R. J., & Boyce, P. M. (2002). Response inhibition
deficits in obsessive–compulsive disorder. Psychiatry Research, 110(2), 165–174.
https://doi.org/10.1016/S0165-1781(02)00104-X
Bellebaum, C., & Daum, I. (2007). Cerebellar involvement in executive control. The
Cerebellum, 6(3), 184–192. https://doi.org/10.1080/14734220601169707
Benton, A., Hamsher, K. d, & Sivan, A. (1989). Multilingual Aphasia Examination. Iowa
City, IA: AJA Associates. NEUROPSYCHOLOGY, BLOCKING,
SCHIZOPHRENIA, 59.

52

Berg, E. A. (1948). A simple objective technique for measuring flexibility in thinking.
The Journal of General Psychology, 39(1), 15–22.
Bernard, J., Seidler, R., Hassevoort, K., Benson, B., Welsh, R., Wiggins, J., … Peltier, S.
(2012). Resting state cortico-cerebellar functional connectivity networks: a
comparison of anatomical and self-organizing map approaches. Frontiers in
Neuroanatomy, 6, 31. https://doi.org/10.3389/fnana.2012.00031
Bloch, M. H., Green, C., Kichuk, S. A., Dombrowski, P. A., Wasylink, S., Billingslea,
E., … Pittenger, C. (2013). Long-term outcome in adults with obsessivecompulsive disorder. Depression and Anxiety, 30(8), 716–722.
https://doi.org/10.1002/da.22103
Bucci, P., Mucci, A., Volpe, U., Merlotti, E., Galderisi, S., & Maj, M. (2004). Executive
hypercontrol in obsessive–compulsive disorder: electrophysiological and
neuropsychological indices. Clinical Neurophysiology, 115(6), 1340–1348.
https://doi.org/10.1016/j.clinph.2003.12.031
Buckner, R. L. (2013). The cerebellum and cognitive function: 25 years of insight from
anatomy and neuroimaging. Neuron, 80(3), 807–815.
https://doi.org/10.1016/j.neuron.2013.10.044
Chamberlain, S. R., Fineberg, N. A., Blackwell, A. D., Robbins, T. W., & Sahakian, B.
J. (2006). Motor Inhibition and Cognitive Flexibility in Obsessive-Compulsive
Disorder and Trichotillomania. American Journal of Psychiatry, 163(7), 1282–
1284. https://doi.org/10.1176/ajp.2006.163.7.1282
Choi, J.-S., Kang, D.-H., Kim, J.-J., Ha, T.-H., Lee, J.-M., Youn, T., … Kwon, J. S.
(2004). Left anterior subregion of orbitofrontal cortex volume reduction and
impaired organizational strategies in obsessive-compulsive disorder. Journal of
Psychiatric Research, 38(2), 193–199.
Christ, S. E., Kester, L. E., Bodner, K. E., & Miles, J. H. (2011). Evidence for selective
inhibitory impairment in individuals with autism spectrum disorder.
Neuropsychology, 25(6), 690–701. https://doi.org/10.1037/a0024256
Ciesielski, K. T., Hämäläinen, M. S., Geller, D. A., Wilhelm, S., Goldsmith, T. E., &
Ahlfors, S. P. (2007). Dissociation between MEG alpha modulation and
performance accuracy on visual working memory task in obsessive compulsive
disorder. Human Brain Mapping, 28(12), 1401–1414.
https://doi.org/10.1002/hbm.20365
Ciesielski, K. T., Hämäläinen, M. S., Lesnik, P. G., Geller, D. A., & Ahlfors, S. P.
(2005). Increased MEG activation in OCD reflects a compensatory mechanism
specific to the phase of a visual working memory task. Neuroimage, 24(4), 1180–
1191.
Ciesielski, K. T., Harris, R. J., Hart, B. L., & Pabst, H. F. (1997). Cerebellar hypoplasia
and frontal lobe cognitive deficits in disorders of early childhood.

53

Neuropsychologia, 35(5), 643–655. https://doi.org/10.1016/S00283932(96)00119-4
Ciesielski, K. T., Harris, R. J., Kerwin, A. A., Reeve, A., & Knight, J. E. (2011).
Increased anterior brain activation to correct responses on high-conflict Stroop
task in obsessive–compulsive disorder. Clinical Neurophysiology, 122(1), 107–
113. https://doi.org/10.1016/j.clinph.2010.05.027
Ciesielski, K. T., Lesnik, P. G., Savoy, R. L., Grant, E. P., & Ahlfors, S. P. (2006).
Developmental neural networks in children performing a Categorical N-Back
Task. NeuroImage, 33(3), 980–990.
https://doi.org/10.1016/j.neuroimage.2006.07.028
Ciesielski, K. T., Rauch, S. L., Ahlfors, S. P., Vangel, M. E., Wilhelm, S., Rosen, B. R.,
& Hämäläinen, M. S. (2012). Role of medial cortical networks for anticipatory
processing in obsessive-compulsive disorder. Human Brain Mapping, 33(9),
2125–2134. https://doi.org/10.1002/hbm.21341
Cohen, J. (1988). Statistical power analysis for the behavioral sciences. Hillsdale, N.J.:
L. Erlbaum Associates.
Courchesne, E., Saitoh, O., Yeung-Courchesne, R., Press, G. A., Lincoln, A. J., Haas, R.
H., & Schreibman, L. (1994). Abnormality of cerebellar vermian lobules VI and
VII in patients with infantile autism: identification of hypoplastic and
hyperplastic subgroups with MR imaging. American Journal of Roentgenology,
162(1), 123–130. https://doi.org/10.2214/ajr.162.1.8273650
de Wit, S. J., Alonso, P., Schweren, L., Mataix-Cols, D., Lochner, C., Menchón, J. M.,
… van den Heuvel, O. A. (2014). Multicenter Voxel-Based Morphometry MegaAnalysis of Structural Brain Scans in Obsessive-Compulsive Disorder. American
Journal of Psychiatry, 171(3), 340–349.
https://doi.org/10.1176/appi.ajp.2013.13040574
Eng, G. K., Sim, K., & Chen, S.-H. A. (2015). Meta-analytic investigations of structural
grey matter, executive domain-related functional activations, and white matter
diffusivity in obsessive compulsive disorder: An integrative review. Neuroscience
& Biobehavioral Reviews, 52, 233–257.
https://doi.org/10.1016/j.neubiorev.2015.03.002
Eritaia, J., Wood, S. J., Stuart, G. W., Bridle, N., Dudgeon, P., Maruff, P., … Pantelis,
C. (2000). An optimized method for estimating intracranial volume from
magnetic resonance images. Magnetic Resonance in Medicine: An Official
Journal of the International Society for Magnetic Resonance in Medicine, 44(6),
973–977.
Fatemi, S. H., Aldinger, K. A., Ashwood, P., Bauman, M. L., Blaha, C. D., Blatt, G. J.,
… Welsh, J. P. (2012). Consensus paper: pathological role of the cerebellum in
autism. Cerebellum (London, England), 11(3), 777–807.
https://doi.org/10.1007/s12311-012-0355-9

54

Feygin, D. L., Swain, J. E., & Leckman, J. F. (2006). The normalcy of neurosis:
Evolutionary origins of obsessive–compulsive disorder and related behaviors.
Includes a Special Topic on Evolutionary Psychiatry, 30(5), 854–864.
https://doi.org/10.1016/j.pnpbp.2006.01.009
Flor-Henry, P. (1979). Neuropsychological and power spectral EEG investigations of the
obsessive-compulsive syndrome. Biological Psychiatry, 14(1), 119.
Fuster, J. M., Bodner, M., & Kroger, J. K. (2000). Cross-modal and cross-temporal
association in neurons of frontal cortex. Nature, 405, 347.
Goldman-Rakic, P. S., Cools, A. R., & Srivastava, K. (1996). The Prefrontal Landscape:
Implications of Functional Architecture for Understanding Human Mentation and
the Central Executive [and Discussion]. Philosophical Transactions: Biological
Sciences, 351(1346), 1445–1453.
Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Fleischmann, R. L., Hill,
C. L., … Charney, D. S. (1989). The Yale-Brown Obsessive Compulsive Scale. I.
Development, use, and reliability. Archives of General Psychiatry, 46(11), 1006–
1011.
Greenberg, W. M., Benedict, M. M., Doerfer, J., Perrin, M., Panek, L., Cleveland, W. L.,
& Javitt, D. C. (2009). Adjunctive glycine in the treatment of obsessivecompulsive disorder in adults. Journal of Psychiatric Research, 43(6), 664–670.
https://doi.org/10.1016/j.jpsychires.2008.10.007
Habas, C., Kamdar, N., Nguyen, D., Keller, K., Beckmann, C. F., Menon, V., &
Greicius, M. D. (2009). Distinct Cerebellar Contributions to Intrinsic
Connectivity Networks. The Journal of Neuroscience : The Official Journal of the
Society for Neuroscience, 29(26), 8586–8594.
https://doi.org/10.1523/JNEUROSCI.1868-09.2009
Hamilton, M. (1980). Rating depressive patients. The Journal of Clinical Psychiatry,
41(12 Pt 2), 21–24.
Harkin, B., & Kessler, K. (2011). The role of working memory in compulsive checking
and OCD: A systematic classification of 58 experimental findings. Clinical
Psychology Review, 31(6), 1004–1021. https://doi.org/10.1016/j.cpr.2011.06.004
Harvard Medical School. (2017). National Comorbidity Survey (NCSSC). Retrieved
February 26, 2018, from https://www.hcp.med.harvard.edu/ncs/index.php
Head, D., Bolton, D., & Hymas, N. (1989). Deficit in cognitive shifting ability in
patients with obsessive-compulsive disorder. Biological Psychiatry, 25(7), 929–
937.
Heaton, R. K. (1981). A manual for the Wisconsin card sorting test. Western
Psycological Services.

55

Kang, D.-H., Kim, J.-J., Choi, J.-S., Kim, Y. I., Kim, C.-W., Youn, T., … Kwon, J. S.
(2004). Volumetric investigation of the frontal-subcortical circuitry in patients
with obsessive-compulsive disorder. The Journal of Neuropsychiatry and Clinical
Neurosciences, 16(3), 342–349.
Katerberg, H., Delucchi, K. L., Stewart, S. E., Lochner, C., Denys, D. A. J. P., Stack, D.
E., … Cath, D. C. (2010). Symptom Dimensions in OCD: Item-Level Factor
Analysis and Heritability Estimates. Behavior Genetics, 40(4), 505–517.
https://doi.org/10.1007/s10519-010-9339-z
Kelly, R. M., & Strick, P. L. (2000). Rabies as a transneuronal tracer of circuits in the
central nervous system. Journal of Neuroscience Methods, 103(1), 63–71.
https://doi.org/10.1016/S0165-0270(00)00296-X
Krienen, F. M., & Buckner, R. L. (2009). Segregated fronto-cerebellar circuits revealed
by intrinsic functional connectivity. Cerebral Cortex (New York, N.Y. : 1991),
19(10), 2485–2497. https://doi.org/10.1093/cercor/bhp135
Lehto, J. E., Juujärvi, P., Kooistra, L., & Pulkkinen, L. (2003). Dimensions of executive
functioning: Evidence from children. British Journal of Developmental
Psychology, 21(1), 59–80. https://doi.org/10.1348/026151003321164627
Leiner, H. C., Leiner, A. L., & Dow, R. S. (1986). Does the cerebellum contribute to
mental skills? Behavioral Neuroscience, 100(4), 443–454.
Leiner, H. C., Leiner, A. L., & Dow, R. S. (1989). Reappraising the cerebellum: what
does the hindbrain contribute to the forebrain? Behavioral Neuroscience, 103(5),
998–1008.
Leiner, Henrietta C., Leiner, A. L., & Dow, R. S. (1994). The underestimated
cerebellum. Human Brain Mapping, 2(4), 244–254.
https://doi.org/10.1002/hbm.460020406
Levitt, J. J., McCarley, R. W., Nestor, P. G., Petrescu, C., Donnino, R., Hirayasu, Y., …
Shenton, M. E. (1999). Quantitative Volumetric MRI Study of the Cerebellum
and Vermis in Schizophrenia: Clinical and Cognitive Correlates. The American
Journal of Psychiatry, 156(7), 1105–1107.
Lezak, M. D., Howieson, D., Bigler, E., & Tranel, D. (1995). Neuropsychological
assessment (Fifth). New York: Oxford University Press.
Loeber, R. T., Cintron, C. M. B., & Yurgelun-Todd, D. A. (2001). Morphometry of
Individual Cerebellar Lobules in Schizophrenia. American Journal of Psychiatry,
158(6), 952–954. https://doi.org/10.1176/appi.ajp.158.6.952
Lopes da Silva, F. (1991). Neural mechanisms underlying brain waves: from neural
membranes to networks. Electroencephalography and Clinical Neurophysiology,
79(2), 81–93.

56

Maia, T. V., Cooney, R. E., & Peterson, B. S. (2008). The Neural Bases of ObsessiveCompulsive Disorder in Children and Adults. Development and Psychopathology,
20(4), 1251–1283. https://doi.org/10.1017/S0954579408000606
Mataix-Cols, D., do Rosario-Campos, M. C., & Leckman, J. F. (2005). A
Multidimensional Model of Obsessive-Compulsive Disorder. American Journal
of Psychiatry, 162(2), 228–238. https://doi.org/10.1176/appi.ajp.162.2.228
McGuire, P. K., Bench, C. J., Frith, C. D., Marks, I. M., Frackowiak, R. S., & Dolan, R.
J. (1994). Functional anatomy of obsessive-compulsive phenomena. The British
Journal of Psychiatry : The Journal of Mental Science, 164(4), 459–468.
Menzies, L., Achard, S., Chamberlain, S. R., Fineberg, N., Chen, C.-H., del Campo, N.,
… Bullmore, E. (2007). Neurocognitive endophenotypes of obsessive-compulsive
disorder. Brain, 130(12), 3223–3236. https://doi.org/10.1093/brain/awm205
Menzies, L., Chamberlain, S. R., Laird, A. R., Thelen, S. M., Sahakian, B. J., &
Bullmore, E. T. (2008). Integrating evidence from neuroimaging and
neuropsychological studies of obsessive-compulsive disorder: The orbitofrontostriatal model revisited. Neuroscience and Biobehavioral Reviews, 32(3), 525–
549. https://doi.org/10.1016/j.neubiorev.2007.09.005
Menzies, L., Williams, G. B., Chamberlain, S. R., Ooi, C., Fineberg, N., Suckling, J., …
Bullmore, E. T. (2008). White Matter Abnormalities in Patients With ObsessiveCompulsive Disorder and Their First-Degree Relatives. American Journal of
Psychiatry, 165(10), 1308–1315. https://doi.org/10.1176/appi.ajp.2008.07101677
Milad, M. R., & Rauch, S. L. (2012). Obsessive-compulsive disorder: beyond segregated
cortico-striatal pathways. Special Issue: Cognition in Neuropsychiatric Disorders,
16(1), 43–51. https://doi.org/10.1016/j.tics.2011.11.003
Millet, B., Kochman, F., Gallarda, T., Krebs, M. ., Demonfaucon, F., Barrot, I., …
Hantouche, E. . (2004). Phenomenological and comorbid features associated in
obsessive–compulsive disorder: influence of age of onset. Journal of Affective
Disorders, 79(1), 241–246. https://doi.org/10.1016/S0165-0327(02)00351-8
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T.
D. (2000). The Unity and Diversity of Executive Functions and Their
Contributions to Complex “Frontal Lobe” Tasks: A Latent Variable Analysis.
Cognitive Psychology, 41(1), 49–100. https://doi.org/10.1006/cogp.1999.0734
Moody, T. D., Morfini, F., Cheng, G., Sheen, C., Tadayonnejad, R., Reggente, N., …
Feusner, J. D. (2017). Mechanisms of cognitive-behavioral therapy for obsessivecompulsive disorder involve robust and extensive increases in brain network
connectivity. Translational Psychiatry, 7(9), e1230.
https://doi.org/10.1038/tp.2017.192
Murphy, D. L., Timpano, K. R., Wheaton, M. G., Greenberg, B. D., & Miguel, E. C.
(2010). Obsessive-compulsive disorder and its related disorders: a reappraisal of

57

obsessive-compulsive spectrum concepts. Dialogues in Clinical Neuroscience,
12(2), 131–148.
Nakao, T., Nakagawa, A., Yoshiura, T., Nakatani, E., Nabeyama, M., Yoshizato, C., …
Kanba, S. (2005). Brain activation of patients with obsessive-compulsive disorder
during neuropsychological and symptom provocation tasks before and after
symptom improvement: A functional magnetic resonance imaging study.
Biological Psychiatry, 57(8), 901–910.
https://doi.org/10.1016/j.biopsych.2004.12.039
Narayanaswamy, J. C., Jose, D., Kalmady, S. V., Agarwal, S. M., Venkatasubramanian,
G., & Janardhan Reddy, Y. C. (2016). Cerebellar volume deficits in medicationnaïve obsessive compulsive disorder. Psychiatry Research: Neuroimaging, 254,
164–168. https://doi.org/10.1016/j.pscychresns.2016.07.005
NIMH » Obsessive-Compulsive Disorder (OCD). (2017). Retrieved February 26, 2018,
from https://www.nimh.nih.gov/health/statistics/obsessive-compulsive-disorderocd.shtml
Nopoulos, P. C., Ceilley, J. W., Gailis, E. A., & Andreasen, N. C. (1999). An MRI study
of cerebellar vermis morphology in patients with schizophrenia: evidence in
support of the cognitive dysmetria concept. Biological Psychiatry, 46(5), 703–
711. https://doi.org/10.1016/S0006-3223(99)00093-1
Nunez, P. L., Wingeier, B. M., & Silberstein, R. B. (2001). Spatial-temporal structures of
human alpha rhythms: theory, microcurrent sources, multiscale measurements,
and global binding of local networks. Human Brain Mapping, 13(3), 125–164.
Osterrieth, P. (1944). The test of copying a complex figure: A contribution to the study
of perception and memory. Arch Psychol, 30, 206–356.
Ozonoff, S., & Jensen, J. (1999). Brief Report: Specific Executive Function Profiles in
Three Neurodevelopmental Disorders. Journal of Autism and Developmental
Disorders, 29(2), 171–177. https://doi.org/10.1023/A:1023052913110
Pfurtscheller, G., Stancák, A., & Neuper, C. (1996). Event-related synchronization (ERS)
in the alpha band — an electrophysiological correlate of cortical idling: A review.
New Advances in EEG and Cognition, 24(1), 39–46.
https://doi.org/10.1016/S0167-8760(96)00066-9
Purcell, R., Maruff, P., Kyrios, M., & Pantelis, C. (1998). Neuropsychological deficits in
obsessive-compulsive disorder: a comparison with unipolar depression, panic
disorder, and normal controls. Archives of General Psychiatry, 55(5), 415–423.
Rauch, S. L., Jenike, M. A., Alpert, N. M., Baer, L., Breiter, H. C., Savage, C. R., &
Fischman, A. J. (1994a). Regional cerebral blood flow measured during symptom
provocation in obsessive-compulsive disorder using oxygen 15-labeled carbon
dioxide and positron emission tomography. Archives of General Psychiatry,
51(1), 62–70.

58

Rauch, S. L., Jenike, M. A., Alpert, N. M., Baer, L., Breiter, H. C., Savage, C. R., &
Fischman, A. J. (1994b). Regional cerebral blood flow measured during symptom
provocation in obsessive-compulsive disorder using oxygen 15-labeled carbon
dioxide and positron emission tomography. Archives of General Psychiatry,
51(1), 62–70.
Rauch, S. L., Savage, C. R., Alpert, N. M., Dougherty, D., Kendrick, A., Curran, T., …
Jenike, M. A. (1997). Probing striatal function in obsessive-compulsive disorder:
a PET study of implicit sequence learning. The Journal of Neuropsychiatry and
Clinical Neurosciences, 9(4), 568–573. https://doi.org/10.1176/jnp.9.4.568
Rey, A. (1941). L’examen psychologique dans les cas d’encéphalopathie
traumatique.(Les problems.). Archives de Psychologie.
Rogers, T. D., McKimm, E., Dickson, P. E., Goldowitz, D., Blaha, C. D., & Mittleman,
G. (2013). Is autism a disease of the cerebellum? An integration of clinical and
pre-clinical research. Frontiers in Systems Neuroscience, 7, 15.
https://doi.org/10.3389/fnsys.2013.00015
Rossi, S., Bartalini, S., Ulivelli, M., Mantovani, A., Di Muro, A., Goracci, A., …
Passero, S. (2005). Hypofunctioning of sensory gating mechanisms in patients
with obsessive-compulsive disorder. Biological Psychiatry, 57(1), 16–20.
https://doi.org/10.1016/j.biopsych.2004.09.023
Rotge, J.-Y., Guehl, D., Dilharreguy, B., Cuny, E., Tignol, J., Bioulac, B., …
Aouizerate, B. (2008). Provocation of obsessive–compulsive symptoms: a
quantitative voxel-based meta-analysis of functional neuroimaging studies.
Journal of Psychiatry & Neuroscience : JPN, 33(5), 405–412.
Rotge, J.-Y., Guehl, D., Dilharreguy, B., Tignol, J., Bioulac, B., Allard, M., …
Aouizerate, B. (2009). Meta-Analysis of Brain Volume Changes in ObsessiveCompulsive Disorder. Perception, Empathy, and Reward in AttentionDeficit/Hyperactivity Disorder and Autism, 65(1), 75–83.
https://doi.org/10.1016/j.biopsych.2008.06.019
Ruscio, A. M., Stein, D. J., Chiu, W. T., & Kessler, R. C. (2010). The Epidemiology of
Obsessive-Compulsive Disorder in the National Comorbidity Survey Replication.
Molecular Psychiatry, 15(1), 53–63. https://doi.org/10.1038/mp.2008.94
Russo, M., Naro, A., Mastroeni, C., Morgante, F., Terranova, C., Muscatello, M. R., …
Quartarone, A. (2014). Obsessive-compulsive disorder: A “sensory-motor”
problem? International Journal of Psychophysiology, 92(2), 74–78.
https://doi.org/10.1016/j.ijpsycho.2014.02.007
S. Barlow, J. (2002). The Cerebellum and Adaptive Control.
https://doi.org/10.1017/CBO9780511529771
Sathe, H., Karia, S., De Sousa, A., & Shah, N. (2016). Obsessive-Compulsive Symptoms
in an Adolescent Appearing after Cerebellar Vermian Mass Resection. Journal of

59

Clinical and Diagnostic Research : JCDR, 10(5), VD01–VD02.
https://doi.org/10.7860/JCDR/2016/18825.7799
Savage, C. R., Baer, L., Keuthen, N. J., Brown, H. D., Rauch, S. L., & Jenike, M. A.
(1999). Organizational strategies mediate nonverbal memory impairment in
obsessive-compulsive disorder. Biological Psychiatry, 45(7), 905–916.
https://doi.org/10.1016/S0006-3223(98)00278-9
Saxena, S., Bota, R. G., & Brody, A. L. (2001). Brain-behavior relationships in
obsessive-compulsive disorder. Seminars in Clinical Neuropsychiatry, 6(2), 82–
101.
Saxena, S., Brody, A. L., Schwartz, J. M., & Baxter, L. R. (1998). Neuroimaging and
frontal-subcortical circuitry in obsessive-compulsive disorder. The British Journal
of Psychiatry. Supplement, (35), 26–37.
Schmahmann, J. D. (1991). An emerging concept: the cerebellar contribution to higher
function. Archives of Neurology, 48(11), 1178–1187.
Schmahmann, J. D. (1996). From movement to thought: anatomic substrates of the
cerebellar contribution to cognitive processing. Human Brain Mapping, 4(3),
174–198.
Schmahmann, J. D. (1997). The Cerebellum and Cognition (Vol. 41). Academic Press.
Schmahmann, J. D. (2000). The role of the cerebellum in affect and psychosis. Journal
of Neurolinguistics, 13(2–3), 189–214.
Schmahmann, J. D. (2004). Disorders of the Cerebellum: Ataxia, Dysmetria of Thought,
and the Cerebellar Cognitive Affective Syndrome. The Journal of
Neuropsychiatry and Clinical Neurosciences, 16(3), 367–378.
https://doi.org/10.1176/jnp.16.3.367
Schmahmann, J. D. (2010). The Role of the Cerebellum in Cognition and Emotion:
Personal Reflections Since 1982 on the Dysmetria of Thought Hypothesis, and Its
Historical Evolution from Theory to Therapy. Neuropsychology Review, 20(3),
236–260. https://doi.org/10.1007/s11065-010-9142-x
Schmahmann, J. D., & Caplan, D. (2006). Cognition, emotion and the cerebellum. Brain,
129(2), 290–292. https://doi.org/10.1093/brain/awh729
Schmahmann, J. D., Weilburg, J. B., & Sherman, J. C. (2007). The neuropsychiatry of
the cerebellum — insights from the clinic. The Cerebellum, 6(3), 254–267.
https://doi.org/10.1080/14734220701490995
Shelley Bannon, Craig J. Gonsalvez, Rodney J. Croft, & Philip M. Boyce. (2006).
Executive Functions in Obsessive–Compulsive Disorder: State or Trait Deficits?
Australian & New Zealand Journal of Psychiatry, 40(11–12), 1031–1038.
https://doi.org/10.1080/j.1440-1614.2006.01928.x

60

Stanfield, A. C., McIntosh, A. M., Spencer, M. D., Philip, R., Gaur, S., & Lawrie, S. M.
(2008). Towards a neuroanatomy of autism: a systematic review and metaanalysis of structural magnetic resonance imaging studies. European Psychiatry,
23(4), 289–299.
Steriade, M., Jones, E. G., & Llinás, R. R. (1990). Thalamic oscillations and signaling.
Thalamic Oscillations and Signaling., xiii, 431–xiii, 431.
Stoodley, C. J., & Schmahmann, J. D. (2009). Functional topography in the human
cerebellum: A meta-analysis of neuroimaging studies. NeuroImage, 44(2), 489–
501. https://doi.org/10.1016/j.neuroimage.2008.08.039
Strick, P. L., Dum, R. P., & Fiez, J. A. (2009). Cerebellum and Nonmotor Function.
Annual Review of Neuroscience, 32(1), 413–434.
https://doi.org/10.1146/annurev.neuro.31.060407.125606
Swedo, S. E., Leonard, H. L., Garvey, M., Mittleman, B., Allen, A. J., Perlmutter, S., …
Lougee, L. (1998). Pediatric Autoimmune Neuropsychiatric Disorders Associated
With Streptococcal Infections: Clinical Description of the First 50 Cases.
American Journal of Psychiatry, 155(2), 264–271.
https://doi.org/10.1176/ajp.155.2.264
Szeszko, P. R., Robinson, D., Alvir, J. M. J., Bilder, R. M., Lencz, T., Ashtari, M., …
Bogerts, B. (1999). Orbital frontal and amygdala volume reductions in obsessivecompulsive disorder. Archives of General Psychiatry, 56(10), 913–919.
Tobe, R. H., Bansal, R., Xu, D., Hao, X., Liu, J., Sanchez, J., & Peterson, B. S. (2010).
Cerebellar Morphology in Tourette Syndrome and Obsessive-Compulsive
Disorder. Annals of Neurology, 67(4), 479–487.
https://doi.org/10.1002/ana.21918
Vaghi, M. M., Vértes, P. E., Kitzbichler, M. G., Apergis-Schoute, A. M., van der Flier,
F. E., Fineberg, N. A., … Robbins, T. W. (2017). Specific Frontostriatal Circuits
for Impaired Cognitive Flexibility and Goal-Directed Planning in ObsessiveCompulsive Disorder: Evidence From Resting-State Functional Connectivity.
Biological Psychiatry, 81(8), 708–717.
https://doi.org/10.1016/j.biopsych.2016.08.009
van der Wee, N. J. ., Ramsey, N. F., Jansma, J. M., Denys, D. A., van Megen, H. J. G. .,
Westenberg, H. M. ., & Kahn, R. S. (2003). Spatial working memory deficits in
obsessive compulsive disorder are associated with excessive engagement of the
medial frontal cortex. NeuroImage, 20(4), 2271–2280.
https://doi.org/10.1016/j.neuroimage.2003.05.001

61

